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Introduction 

The Carbonitriding Process 

CARBONITRIDING is defined as a process in which 
a ferrous alloy is case-hardened by being heated in a 
gaseous atmosphere of such composition that the alloy 
absorbs carbon and nitrogen simultaneously and then 
cooled at a rate which gives the desired properties. 
A carbonitriding atmosphere usually consists of a 
carburizing gas to which sufficient anhydrous am- 
monia has been added to produce the desired result. 
To provide carbonitriding atmospheres, mixtures of 
ammonia with natural gas, endothermic gas enriched 
with butane, purified town-gas,2 a hydrocarbon 
vapour generated from a liquid,* and raw town- 
gas have been used. 

Raw town-gas* has a low carburizing potential 
due to the presence of water vapour, carbon dioxide, 
and oxygen, but there is evidence that the effect of 
these is reduced by the presence of ammonia. In 
the U.K. an atmosphere with R.T.G. as a base 
would be the most economic, first because it is the 
cheapest gas, and second because an atmosphere 
generator is not required. 


Advantages claimed for Carbonitriding 


Many advantages have been claimed for this pro- 
cess. Some that appear justified are: 

(i) Since the process is operated at lower tempera- 
tures than those used with conventional car- 
burizing methods, the danger of cracking or dis- 
torting intricate parts is reduced 

(ii) Nitrogen introduced into the surface improves 
the hardenability of the case. This makes it 
possible to use a plain carbon steel instead of an 
alloy steel and also allows the use of a milder 
quench, thereby reducing distortion 





*To be referred to in this paper as R.T.G. 
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SYNOPSIS 

The heat-treatment of mild steel in carburizing gases to which 
ammonia has been added is discussed together with the claims made 
for the commercial application of such atmospheres. 

The effects of temperature in the range 800-900° C and of ammo- 
nia content up to 10°, on the surface layers of mild steel heated in 
raw town-gas have been investigated. It has been shown that the 
higher ammonia concentrations and temperatures below 850° C 
give rise to undesirable austenite retention and the formation of an 
unidentified black constituent in the surface layers. ‘The harden- 
ability of carbon-rich surface layers is increased with the addition 
of nitrogen, and surface layers of adequate hardenability which 
are martensitic after oil-quenching are produced when mild steel 
is heated in the temperature range 850-900° C in an atmosphere of 
low ammonia concentration. 

If specimens which have been cooled slowly are reheated, a loss 
of nitrogen from the surface takes place which, if excessive, causes 
a lowering of case hardenability. Adequate hardness on reheating 
and quenching can be obtained provided that the heating cycle is 
suitably chosen. 1433 


(iii) Fuel costs and maintenance are reduced because 

operating temperatures are lower 

(iv) The process is readily adaptable to mass-produc- 

tion methods. 

Other claims made include greater uniformity of 
the case, improved wear resistance, improved corro- 
rosion resistance,* lower coefficient of friction, and 
higher surface hardness. These have not yet been 
fully established. 

Purpose of Present Investigation 

The main objects of this investigation can be sum- 

marized as: 





Paper MG/N/107/56 of the Thermal Treatment Com- 
mittee of the Metallurgy (General) Division of the British 
Iron and Steel Research Association, received on 8th 
May, 1957. The views expressed are the authors’, 
and are not necessarily endorsed by the Committee as 
a body. 

The authors are with the Heat Treatment Develop- 
ment Laboratory of Joseph Lucas Ltd., Birmingham. 
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(i) To examine surface layers of steel which has been 
treated in R.T.G. and ammonia 
(ii) To study effects of temperature and ammonia 
concentration on surface layers 
(iii) To determine degree of control possible 
(iv) To study effects of subsequent heat-treatment 
on. the case. 


EXPERIMENTAL WORK 
Equipment 

The gas-carburizing unit consisted of a work cham- 
ber 16 in. dia. and 30 in. deep, sealed with a clamp- 
down lid fitted with an asbestos gasket. Gas entry 
in the work chamber was effected by radially dis- 
persed pipes at the base of the chamber. 

The work carrier comprised a central shaft on 
which mesh trays were placed between spacer sleeves. 
Adequate gas circulation through the work carrier 
was ensured by a centrifugal-type fan used with a 
suitable baffle. 

The cooling pit was a refractory-lined chamber 
fitted with a gas-entry point at the centre of the base 
and a refractory stool on which the work carriers 
could rest. 


Test Pieces and Components 


The main application in carbonitriding is likely to 
be for treating mild-steel components. For this 
investigation the steel used was En32A which has a 
nominal composition of: 


C: Not more than 0-:15% 
Si: Not less than 0:05%, not more than 0:35% 
Mn: Not less than 0:4%, not more than 0°:7% 
S: Not more than 0:05% 
P: Not more than 0-05 op 

Material used was 4-in. dia. bright drawn bar. 


Preparation and Examination of Test Pieces 


Specimens were examined metallographically on a 
transverse section. Precautions were taken against 
excessive heating of the specimens during preparation 
and a diamond polishing technique was used to mini- 
mize rounding of the edges. Examination was 
made on unetched and etched specimens, the etchant 
used being 2% nital. 

Microhardness tests were made with a Vickers 
hardness tester using a 200-g load. Surface hardness 
tests were made using a Vickers D.P.H. machine 
with loads of 24, 5, and 10 kg. 


Gas Analysis 


To study the composition of the atmosphere that 
existed in the furnace when conditions were main- 
tained constant over a long period, tests with varying 
temperatures and ammonia additions were made on 
the gases leaving the furnace, whilst the fan was 
running. It was hoped by these tests to get some 
idea of conditions that would exist in a continuous 
furnace where the atmosphere had become stabilized. 
Gas determinations were also made during carbo- 
nitriding cycles similar to those used for carbonitrid- 
ing the steel specimens. These tests should reveal 
the conditions existing in a batch-type furnace. A 
modified Orsat apparatus was used for the estimation 
of CO,, O,, and CO, and a Cassella hygrometer was 
used for dewpoint determinations. 

Samples of R.T.G. were taken during the series 
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of experiments. A typical result is given below. No 
significant changes were observed during the tests. 


R.T.G. Composition, % 


co, 3-64 
co 21-34 
O, 0-63 
Unsaturated hydrocarbons 2-7 


Carbonitriding Treatment 


This consisted of three distinct stages, purging, 
active, and cooling. 

Purging—The charge was loaded when the furnace 
had reached the control temperature, the lid was 
closed and clamped, and the fan was started. R.T.G. 
was then passed into the furnace at 200 ft*/h to 
expel air. After 20 min the fan was stopped and 
the gas exit from the furnace was closed. The gas 
booster was then turned off and the furnace was kept 
under mains pressure for the remainder of a 30-min 
soaking period which was considered sufficient to 
equalize the temperature throughout the load. Dur- 
ing purging the furnace temperature fell and then 
returned to the control temperature. The soaking 
period was timed from the instant the furnace regained 
control temperature. 

Active —This comprised starting the centrifugal fan, 
R.T.G. flow, and ammonia flow, then opening the 
valve controlling the gases leaving the furnace. 
During this period the temperature and gas conditions 
were maintained constant. Runs were made at three 
temperatures, namely 800°, 850°, and 900° C, and to 
obtain a case depth of 0-015 in., active periods of 
50, 30, and 20 min respectively were used.* At the 
end of this stage the furnace was opened and the work 
carrier holding the test specimens was removed. 

Cooling—Four methods of cooling were used to 
finish every carbonitriding run. Specimens were 
removed from the work carrier at the operating 
temperature then oil-quenched, water-quenched, or 
air-cooled. In addition, some specimens were allowed 
to remain in the work carrier which was transferred 
to a cooling pit purged with an atmosphere of R.T.G. 
This latter cooling method is referred to in the text 
s ‘furnace-cooling ’. 

The oil used for quenching, and for the heat-treat- 
ment tests mentioned later, was a_ proprietary 
quenching oil with the following properties: 


Redwood viscosity at 70°F = =210s 
Redwood viscosity at 100° F 95s 
Flash point open 875° C 
Viscosity index 95 
Specific gravity 0-885 


Specimens were stirred in the oil to assist cooling 
but no agitation was used during water-quenching. 
For air-cooling the specimens were held in an atmo- 
sphere of still air reasonably free from draughts. 





* A standard R.T.G. flow of 150 ft?/h was maintained 
during this active period. Previous experience had 
shown that the circulation system in this equipment 
was adequate to provide uniform gas distribution to all 
parts of the work carrier and that R.T.G. flow could be 
varied widely without affecting results. 
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(ii) 


(a) 


Ge aan i. 


(i) R.T.G. + 10% NHy, (a) 800° C, (6) 850° C, (ec) 900° C 





(d) 


(e) 


(f) 


(ii) R.T.G. + 19% NH, (d) 800° C, (e) 850° C, ( f ) 900° ¢ 


Fig. 1—Specimens oil-quenched, unetched x 500 


Heat-treatment of Carbonitrided Cases 


The effect of subsequent heat-treatment was studied 

in two parts: 

(i) As furnace-cooled specimens are soft enough to 
permit machining, it is worthwhile considering 
the effect of re-heating such specimens, since an 
intermediate machining operation may be neces- 
sary under certain production conditions. Re- 
heating to 780° C followed by a water or oil quench 
was tried as well as a double oil quench from 900° 
and 780°C. The heat-treatment was carried 
out in a single-chamber electric furnace without 
any special atmosphere. A soaking period of 10 
min was given from the time the specimens reached 
temperature. No agitation was used during water 
quenching but the specimens fell through 18 in. of 
water. Oil-quenching was carried out in the oil 
described previously 

(ii) To study the effect of tempering on oil-quenched 
carbonitrided specimens, these were treated in a 
foreed circulation furnace without any special 
atmosphere. 

RESULTS 
Micro-examination of Carbonitrided Specimens 


Examination in the unetched condition revealed a 
black constituent on all the specimens except those 
which were treated at high temperature and low 
ammonia concentrations (cf. Figs. la—-f and Fig. 5). 
Specimens treated at the low temperatures in high 
ammonia concentrations have a nodular layer near 
the surface which merges into an intercrystalline 
network at a deeper level (Figs. la and 6, and Fig. 5). 
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Other specimens have only the intercrystalline distri- 
bution (Fig. lc). The depth of the nodular layer is 
about proportional to the square root of the treatment 
time (cf. Figs. 16 and 5). 

Examination of the etched specimens gave a wide 
variety of complex structures (Figs. 2-4). Table | 
gives a summary of the constituents found in the 
whole series. In general the water-quenched speci- 
mens are similar to those which have been oil- 
quenched, but no further generalizations can be made. 
Hardness of Case 

Figures 7-9 give the microhardness results obtained 
on the outer layers of oil-quenched specimens. A soft 
surface layer is evident which becomes less pronounced 
as the treatment temperature is increased or as 
ammonia concentration is reduced. Table II gives 
surface hardness values together with an indication 
of file hardness. With the 24- and 5-kg loads 
lower hardness values were generally obtained than 
with the 10-kg load, as would be expected from the 
microhardness curves. 


Heat-treatment After Carbonitriding 
Reheating—The results of surface hardness tests on 
reheated specimens are given in Table III. 
Metallographic examination of the single-quenched 
specimens in the unetched condition showed that there 
is less black constituent than in those furnace-cooled, 
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(i) R.T.G. + 10% NHs, (a) 800° C, (b) 850° C, (c) 900° C (ii) R.T.G. + 1% NH, (d) 800° C, (e) 850° C, (f) 900° C 
Fig. 2—Specimens oil-quenched, etched x 250 
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(ii) 


50° C, (f ) 900° C 


» (e) 8 


Ny, (d) 800° C 


/ 
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(ii) R.T.G. + 1% 


(i) R.T.G. + 10% NH,, (a) 806° ©, (b) 850° C, (¢) 900° C 


x 250 


Fig. 2—Specimens, air-cooled, etched 
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(i) 


(b) 


(c) 


(e) 


(i) R.T.G. + 10% NH, (a) 800° ©, (b) 850° C, (ce) 900° C (ii) R.T.G. + 1% NHy, (d) 800°C, (2) 850°C, ( f) 900°C 


Fig. 4—Specimens furnace-cooled, etched x 250 
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Table I—EXAMINATION OF ETCHED SPECIMENS 
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0-012 





whilst in the double-quenched series only the one 
treated at 800° C with 10% ammonia still retained 


0-015 
0-016 
0-017 





pth 


any clearly defined network. This reduction in amount 
of black network has been confirmed on specimens 
which were reheated for 1 h at 900° C in an atmosphere 


pth hleoan 





10% 


of argon. 
Examination of the single-quenched specimens in 
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0-004 |M+B/ 0-014 
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0-007 | 0-012 | 0-017 
B 
0-012 


0-008 
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the etched condition showed that they have structures 
similar to those quenched direct from the furnace 
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Eutectoid de 
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(Fig. 2). The double-quenched specimens, however, 
have more transformation products with no sign of 


Eutectoid depth 0-009 
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nil 
nil 
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retained austenite. 
Tempering—Oil-quenched specimens were tem- 
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| 
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IM+B! 
0-011 


pered at 200°, 300°, and 400°C. The results of sur- 
face hardness tests on these are given in Fig. 10. 
For comparison a pack-carburized specimen which 
has been water-quenched from 780° C is given. 
The amount and distribution of the black network 


| 
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5% 
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is exactly the same in the tempered specimens as it 
had been in the oil-quenched originals. Examination 
of etched specimens merely indicated a progressive 
tempering of the martensite with increase of tem- 


nil 
Each depth includes the depth of the preceding layers. 
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perature. 
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Gas Analysis 


0-006 
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Eutectoid depth 0-008 
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Eutectoid depth 0-008 
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total case depth. 


The oxygen and ammonia contents of the exit 
gases were found to be negligible in all instances. 
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nil 
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The carbon monoxide varied from 17 to 21%, and in 
general the sum of carbon monoxide and dioxide 
was about 22%. The most significant variation in 
composition was in the amounts of carbon dioxide 
and water vapour. The amounts of these con- 
stituents present under constant conditions are shown 
in Table IV. Equilibrium is attained in the test 
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furnace in 2-6 h. Figure 11 gives the CO, value 
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during carbonitriding runs with the extreme con- 
ditions, i.e. 800° C with 10% ammonia, and 900° C 
with 1°% ammonia. 
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Constitution of the Case 
The black constituent which is visible in the un- 
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etched condition becomes less as the ammonia con- 
centration is reduced or as the temperature is in- 
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creased (Fig. 1). Since the amount of nitrogen 
absorbed into the surface will decrease with increase 
in temperature it is probable that the formation of 


0-005 
0-005 





Eutectoid depth | 0.014 


0-005 
compound layer, A 


this constituent depends upon a relatively high nitro- 
gen content and that the black constituent itself con- 
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tains nitrogen. Furthermore, this black constituent 
has not been observed on specimens heat-treated in 
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conventional gas-carburizing atmospheres which are 
ammonia-free. Specimens which have been treated 
under conditions which cause the highest nitrogen 
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absorption have a nodular layer at the surface and 
an intercrystalline network at a deeper level. The 
nodular layer is associated with a white compound 
layer which appears in the etched condition (Fig. 
2a). It is possible that both the nodular and inter- 
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crystalline layers are forms of the same chemical 
compound or that the nodular layer is a compound 





with a higher nitrogen content. (Their identity is the 
subject of an investigation by the Thermal Treatment 
Committee.) It will be seen that the depth of the 
nodular layer is about half the total depth of the 
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All figures quoted are depths in inches. 


850° C, 
treated 
for 
30 min 
900° C, 











NOVEMBER, 1957 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





184 





Se le 


Fig. 5—Specimen treated at 850°C for 2h in R.T.G. + 10% NH, air-cooled, 


unetched 


black constituent on a specimen treated at 800° C 
with 10% ammonia whereas a specimen treated at 
850° C with 10% ammonia has a nodular layer of 
about one quarter (cf. Figs. la and 6). The nitro- 
gen gradient is presumably steeper in the former 
instance. There is no nodular layer visible on a 
specimen treated at 900°C with 10% ammonia and 
only the intercrystalline network can be seen (Fig. 
ld). The cooling rate after treatment has very little 
effect upon the quantity of the network (Table I). 
The black constituent is not confined to specimens 
treated in R.T.G. It has been found on specimens 
treated in prepared town-gas with ammonia and in 
endothermic atmospheres to which butane and 
ammonia have been added. As far as is known only 
one reference is made to it in the literature although 
photographs by other investi- 
gators have shown it without 
mention in the text. Valen- 
tine® suggests that there is a 
high carbon build-up due to 
increased solubility caused by 
the simultaneous solution of 
nitrogen and carbon, and that 
during cooling nitrogen is re- 
leased causing the austenite to 
become super-saturated with 
carbon which eventually pre- 
cipitates as graphite. Valen- 
tine’s suggestion that the black 
constituent was graphite was 
checked by chemical analysis. 
A mild-steel bar 1 in. dia. and 
8 in. long was carbonitrided in 
R.T.G. and 10% ammonia at 
850° C for 2 h and air-cooled. 
Turnings were analysed for 
nitrogen, graphite, and total 
carbon. The structure of this 
specimen is shown in Fig. 5 and 
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the analysis in Fig. 12. It will 
be seen that the amount of 
. graphite near the surface is 
in, negligible and is probably due 
- to a slightly sooty surface on 
the specimen. Figure 6 shows 
the black constituent associ- 
ated with a cementite network 
‘4 near the surface of a furnace- 
cooled specimen which has 
been treated at 900° C with 

10%, ammonia in R.T.G. 

The heat-treatment results 
show the effect of reheating 
on the black constituent. At 
low temperatures, i.e. temper- 
ing up to 400°C, there is no 
visible effect on the constituent, 
but heating to 780° or 900° C 
reduces its amount. It was 


ra : : noted that the nodular con- 


stituent, when present, dis- 
appeared before the  inter- 
granular network. This is 
almost certainly due to the 
nitrogen either diffusing further into the core or to the 
surface and escaping. This loss of nitrogen is said 
to occur very readily® and the loss is confirmed by 
the decrease in hardenability of the double-quenched 
specimens (Table III). These observations on heat- 
treated specimens suggest that the black constituent 
is not graphite, since once formed it is unlikely to go 
back into solid solution at the treatment temperature 
used. It is suggested that the black constituent is an 
iron carbonitride similar in constitution to cementite. 

A clearly defined pattern is evident from a study 
of the etched microspecimens. It will be seen that 
the amount of austenite increases as the ammonia 
increases or as the temperature decreases and there 
seems little doubt that the increase in the amount of 
austenite is due to an increasing amount of nitrogen 


x 400 


Fig. 6—Specimen treated at 900°C in R.T.G. + 10% NH, furnace-cooled, 


etched x 600 
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Table II 


VICKERS HARDNESS OF CARBONITRIDED 
MILD STEEL (10-kg LOAD)! 









































| Ammonia in R.T.G., % 
Temp., Coolin 
Cl “Se oe FS. | 10 
| | | 
| W.Q. | 430* | 616* | 385* | 338* | 350* 
g00 | O-Q. | 186 | 620* | 373* | 366* | 318* 
A.C. | 165 | 437 | 370* | 352* | 323* 
| F.C. | 145 | 380 | 384 | 178 | 320 
W.Q. | 792* | 762* | 587* | 453* | 469* 
ase 0.Q. | 366 | 677* | 487* | 464* | 437* 
| A.C. | 206 | 407 | 412 | 420 | 347* 
| F.C. | 173 | 348 | 357 | 363 | 320 
| W.Q. | 727* | 815* | 733* | 705* | 686* 
900 «| 0-Q. | 780* | 813* | 665* | 660* | 613* 
| A.C. | 270 | 380 | 455 | 466 | 400+ 
| F.C. | 233 | 310 | 354 | 360 | 257 
| | 








* Indicates file-hard. 


in the surface layers of the steel.*” As the nitrogen 
in the case increases, the M; of the case is lowered®: ® 
until there may be a rim of austenite near the sur- 
face (Fig. 2a). At the higher temperature and low 
ammonia concentrations the quenched case consists 
mainly of martensite with a smaller amount of aus- 
tenite near the surface (Figs. 2e and f). As may 
be expected, the cooling rate after treatment has a 
marked effect on structure. Both oil- and water- 
quenched cases consist largely of austenite and 
martensite whilst the air-cooled specimens show more 
transformation products; the furnace-cooled speci- 
mens, however, have eutectoid and hypoeutectoid 
structures. Furnace-cooled specimens which have 
been reheated once and quenched are basically similar 
to the specimens quenched direct. If, however, 
reheating is such as to cause loss of nitrogen, the 
hardenability of the case is lowered and transform- 








Table IV 
EXIT GAS COMPOSITION UNDER STABLE 
CONDITIONS 
Carboni- | Ammonia in R.T.G., % 
= | Constituent | 
°C | ON) Blk Bok | 10 
CO.% | 3-8 | 4-0 | 3-75| 3-25 3-1 


| | 
°F | 69 61 | 69 67 | 66 








CO,% | 3-75) 3:5| 3-2 | 2:5 | 2-1 
850 |Dewpoint,| | 
| °F |68 | 65 |63 |59 | 54 
cO.% | 3-1| 2-4 | 2-3 | 1-1 | 0-9 


900 | Dewpoint, | 
| °F | 62 58 56 | 











ation products are formed. Oil-quenched and 
tempered specimens show structures consisting mainly 
of austenite and tempered martensite. There is a 
tendency for the amount of austenite to decrease at 
the higher tempering temperatures owing to break- 
down of the austenite to martensite. 


Hardness of Case 

A study of Figs. 7-9 shows that most specimens 
have a soft surface layer which coincides with the 
presence of austenite. The harder underlayer is 
obviously martensite. The soft surface layer de- 
creases in depth as the temperature increases and as 
ammonia is reduced, i.e. as the nitrogen content of 
the case decreases. This tendency for microhardness 
curves to show a soft surface layer has also been 
noted by Rengstorff, Bever, and Floe!® and Dovey 
and Randle." Figure 13 shows the effect of sub-zero 
treatment of specimens treated in a production fur- 
nace. As expected, an increase in hardness results 
from the breakdown of austenite. A comparison of 



































Table III 
SURFACE HARDNESS OF REHEATED CARBONITRIDED SPECIMENS 
| J 
Carbonitriding ~iieen 
conditions | Furnace 
| -cooled - 
—— 780°C, Oil-quenched | 780° C, Water-quenched | 300°C; pf mower 
= | ‘ 
| Ammonia | 
| concen- Vickers | 
i 
Furnace | —_— Hardness, kg Bi mon kg PR rnnand kg | of kg 
—. | Re. | | 
% | | | 7 ] 
, | 2} 10 24 10 24 | 10 2} 10 
| 
l | 
800 10 | 311 320 301 360 315 390 248 302 
| | | 
850 10 | 311 320 626 700 626 650 330 425 
900 10 243 | 257 650 767 800 785 500 640 
800 | 1 | 162 | 145 762 724 762 792 782 803 
850 1 201 | 173 803 835 830 825 780 750 
900 | 1 | 273 | 233 860 800 820 840 | 510 500 
| 
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all the water- and oil-quenched samples were file- 
hard although some of them had a slight suggestion 
of a soft skin. The furnace-cooled specimens are 
not file-hard, neither are air-cooled samples treated 
in the lower ammonia concentrations. Valentine® 
attributes the low indentation hardness obtained on 
some specimens to the effect of the dark phase on the 
diamond penetrator but says that such surfaces can 
still be file-hard. It is more likely, however, that the 
apparently soft surfaces harden rapidly on working 
owing to the breakdown of retained austenite. 


I 
C 0% NH; 


| | Effect of Heat Treatment 
In some instances it may be required to machine a 
component after forming a case on the surface and 
to harden it at a later stage. The usual direct- 
quench carbonitriding process, however, gives a 
finished hardened component which makes inter- 
mediate machining impossible. ‘The hardness results 
(Table Il) show that under certain conditions both 


V.HN., 1O-kg LOAD 





800°C 10% furnace- and air-cooled specimens can be machined, 

| and the heat-treatment results (Table II1) indicate 

° that the furnace-cooled specimens may be reheated 
TEMPERING TEMPERATURE, °C and quenched from above the lower critical tempera- 

Fig. 10—Tempering of oil-quenched carbonitriding ture to give hardness values equal to those obtained 
specimens by direct quench. Water-quenching is superior to oil- 


quenching, but the latter is often sufficient and would 
hardness values obtained by different cooling methods be best if distortion is to be avoided. A double 
(Table Il) shows that with ammonia concentrations quench to refine the core and harden the case causes 
above 3% the oil-quenched specimens are harder a loss of nitrogen which reduces case hardenability 
than those water-quenched, whereas at lower ammonia and makes the result of an oil-hardening quench 
concentrations the water-quenched specimens are the uncertain. 


hardest. This phenomena is obviously linked with Other investigators!* have suggested that temper- 
the case hardenability, austenite retention, and cooling ing around 315° C reduces the amount of austenite. 
rates. The tempering results in the present investigation 


Many technical publications quote carbonitrided show a secondary hardening effect with specimens 
hardness values as ‘file-hard’. It was found that having a relatively high nitrogen content which, as 

















nae T T — T T T T t: 
Time to regain | : | | | 
a Soaking period —am 
9. 2 oo on ae aa ee | 
' | } 
—>}=— Purge | |=} Static —+—>y=— Active carbonitriding period t 7 
5 {—__ conditions | —___}____ at 800°C - T 4 4 
| | | 


| | 
a | | | | Tel ee ee 
fe 4 | 
P | 800°C 10 °o Aumont 
7 











+ 
| 
| 











































































2 Ba | 
oo —— $———_}—+ —_— en 
te ° ° , 
= | 900°C 1% Ammonia 
x ; a a dae ee a ee eee SSeee eee Seer 
z | | 
oe + 7 ———+ ———} J 
Oo | 
U ' ; } 
"4 4 t T | ] ] T az 
> | | | 
; __LfActive carbonitriding | | | | ‘oa See 
y period at JOOPC | 
, | = See Ss ee 
| | 
| = ae | | 
> ww 6b a Db Ww 45 60 75 90 





TIME , min 
Fig. 11—CO, content of atmosphere during two carbonitriding runs 
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ELEMENT, %o 


° 


Uncombined 
carbon 





| 
DEPTH FROM SURFACE, O-OO} in. 


Nitrogen 





Fig. 12—Mild steel carbonitrided at 850°C in R.T.G. + 10% NH, for 2 h and furnace-cooled 


already stated, causes the formation of a large amount 
of austenite. The specimens containing the lower 
nitrogen content show a normal tempering curve. 


Gas Composition 

As the furnace temperature or the ammonia content 
of the inlet gas is increased the carbon dioxide of the 
furnace atmosphere is reduced. A comparison be- 
tween Fig. 11 and Table IV shows that with the car- 
bonitriding conditions used the furnace CO, content 
can be up to 1% higher than the stable value obtained 
after a long period. 

The high carbon-dioxide content of these atmo- 
spheres would indicate that relatively low-carbon 


| 
Oil quenched 
| 


' 
Air cooled 
| | 


| 
| 


MICROHARDNESS, V.P.N., O4 kg 


oO 





cases would be formed, and this is supported by Fig. 
12. The photomicrographs in Fig. 4, however, show 
that approximately eutectoid structures are obtained 
which suggests that nitrogen is to a large extent 
replacing carbon. This is confirmed by the presence 
of retained austenite in the cases shown in Fig. 2. 
Unfortunately very little information is available on 
the ternary system Fe—N-C. 


Control of the Process 
The three main controls in carbonitriding are: 
(i) Temperature 


(ii) Gas composition 
(iii) Time. 


| | 
Oil quenched followed by 
sub-zero cooling 


— 


| 


12 14 18 20 


DEPTH FROM SURFACE, O-OO}! in. 
Fig. 13—Specimen carbonitrided at 875° C in R.T.G. + 6% NH, for 25 min in a retort furnace 
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Temperature—It has been shown that an increase 
in temperature reduces the amount of nitrogen in the 
case, and that below 850° C nitrogen compounds form 
at the surface of the steel. Higher temperatures have 
the advantage that cases with very little retained 
austenite can be formed readily, but there is an 
increased danger of distortion during quenching. 
Some time ago a survey of U.S. practice showed 
that most carbonitriding was done between 815° and 
845° C,® 1° but more recent information!” indicates an 
upward trend, and temperatures up to 885°C are 
now favoured. The work described in this paper 
shows that 900°C is a satisfactory temperature to 
use with the correct atmosphere, and that 850° C 
can be used if distortion is likely to be a problem. 
Below these temperatures penetration is much slower 
and the case is likely to be less satisfactory. At 
temperatures below 760° C it has been reported that 
the surface compound layer has a spalling tendency'® 
and it is certain that layers formed at such tempera- 
tures would have a very small transition zone. It 
may well be that 760° C is the lowest practical tem- 
perature that can be used successfully. 

Gas composition—It is now fairly well established 
that the best practice is to limit the ammonia to the 
amount necessary to give the desired hardenability 
and minimize retained austenite.6 It has been 
suggested that the use of over 9° ammonia with 
propane as the carburizing agent will lead to spalling 
of the case." During the present investigation, how- 
ever, it was found that ammonia concentrations of 
334% in R.T.G. did not cause spalling, although 
excessive austenite retention was observed,’ It is 
difficult to calculate the necessary ammonia addition 
because of the complexity introduced by furnace 
design and gas flow. The correct ammonia flow for a 
given installation should be established by simple 
experiments. 

Time—The treatment time controls the case depth, 
and the approximate total penetration for 800°, 
850°, and 900° C is given in Fig. 14 which has been 
drawn from data obtained on specimens treated as 
described earlier together with production specimens 
treated for longer times. The total case depth 
recorded includes penetration which occurs during 
the soaking period in the static R.T.G. atmosphere 
before the active carbonitriding period begins. This 
initial penetration is naturally more severe at 900° C 
when a hypoeutectoid diffused case about 0-010 in. 
deep is formed during the soaking period, whereas at 
850° and 800° C the penetration is about 0-006 in. 
and 0-003 in. respectively. The suggested correction 
to allow for this is shown in Fig. 14. 


CONCLUSIONS AND SUMMARY 


When mild steel is heat-treated in R.T.G. to which 
ammonia has been added, a surface layer is formed 
whose composition is determined by the temperature 
of treatment and the amount of ammonia added. 
It has been shown that high ammonia concentrations 
and low temperatures give rise to austenite retention 
and the formation of a constituent presumed to be an 
Fe-C-N compound whereas higher temperatures and 
low ammonia concentrations give a surface layer 
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free from both austenite and compound which is 
martensitic on oil-quenching. It is possible therefore 
to use R.T.G. and ammonia for the production case- 
hardening of mild steel and it is suggested that 
ammonia additions of 1—-10°, and heat-treatment 
temperatures of 850-900° C will be the most likely 
to give satisfactory hardening. 

The claims made that cracks, distortion, fuel costs, 
and maintenance are reduced are not justified when 
R.T.G. and ammonia are used, as the temperatures 
found suitable are not significantly lower than those 
used in gas- or pack-carburizing; the absence of the 
usual gas atmosphere generator will, however, result 
in a saving in running costs, maintenance, and space. 
The claim that the hardenability of the case has been 
increased by the addition of nitrogen is fully justified. 

Slowly cooled specimens which are soft enough to 
allow an intermediate machining operation can be 
reheated and quenched to give full hardness, provided 
the reheating cycle is such that nitrogen loss from the 
surface layers is avoided. 
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The Iniluence of Impurities 


on the Magnetic Properties 


of High- 


By D. A. Leak, B.Sc., and G. M. Leak, 


Introduction 


THE PRESENCE OF IMPURITIES in iron generally 
adversely affects its magnetic properties.1_ Some sub- 
stitutional impurity elements may be beneficial; e.g. 
addition of nickel will increase the initial permeability. 
In general, however, the effect of impurities is to 
increase the static hysteresis loss and coercive force 
of the material. In particular, interstitial impurity 
elements, probably present as non-magnetic inclu- 
sions, are consequently always detrimental in their 
effect. Yensen and co-workers? carried out a syste- 
matic investigation of the effect of some impurities on 
the properties of silicon iron. Their measurements 
concerning carbon and nitrogen suffered from the 
disadvantage that both elements were present simul- 
taneously in the specimens in varying amounts. 
Consequently the results were not unequivocal. 
Impurities might also affect formation of a suitable 
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SYNOPSIS 

This paper shows the variation of static hysteresis loss and 
coercive force of high-purity silicon iron with nitrogen and carbon 
content, for material slowly cooled from a high temperature. This 
corresponds to the state when the maximum amount of impurity 
has been precipitated. The influence of nitrogen is two to three 
times as great as that of carbon. 

Kersten’s theory adequately relates the coercive force and 
impurity content. The difference between the influences of carbon 
and nitrogen on static hysteresis loss can be explained by the 
difference in form of the precipitated phase. 

The total losses may be decreased by 10-15% by reducing the 
nitrogen content from 0-005% to 0-002°%. 1438 


recrystallization texture in cold-rolled and annealed 
silicon iron.* 

The present work is part of a project initiated to 
investigate in greater detail the more direct influence 
of nitrogen and carbon, whilst maintaining a constant 
texture throughout the experiments. 

Results are given for high-purity iron containing 
3% Si. Measurements of static hysteresis loss and 
coercive force were made on material slowly cooled 
from a high temperature, which would not suffer from 
magnetic ageing and which would contain the 
minimum internal stresses. This condition is required 
in the manufacture of transformer cores, and corres- 
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ponds to precipitation of the maximum amount of the 
second phase, nitride or carbide. The solubility of 
nitrogen in iron containing 3% Si in equilibrium with 
a precipitated nitride is about 10-*-10-7 % at room 
temperature. By comparison with solubilities in 
pure a-iron, it is probable that the corresponding 
solubility of carbon is much lower than 107 %. 
Thus effectively all the nitrogen or carbon will be 
precipitated in these experiments. 


EXPERIMENTAL PROCEDURE 

Specimens 

High-purity vacuum-melted silicon iron was used. 
Ingot I was kindly prepared and supplied by the 
National Physical Laboratory according to the 
method published by Hopkins et al. Ingot II was 
prepared from similar base material in the authors’ 
laboratory. Analyses are given below: 


Element Si C N 8 ig Al O 
Ingot I = 2-83 0-004 0-001 0-0087 0-008 0-003 0-0005 
Ingot II 2-86 0-023 0-004 0-008 0-012 0-002 0-0038 


The ingots of about 25 Tb weight were forged and 
hot-rolled to strip 3 in. x }in. Ring-shaped specimens 
were then cut of dimensions 3 in. outside dia. x 2-5 
in. inside dia. x 0-25 in. The material was further 
hot-rolled to a thickness of 0-125 in. and then reduced 
to a thickness of 0-012 in. by two equal stages of 
cold rolling separated by a 10-min anneal in flowing 
dry hydrogen at 900°C. After the second stage of 
cold reduction, the strip was annealed for 30 min 
in flowing wet hydrogen at 900° C and then cut into 
strip specimens 25 cm x 3 cm. The specimens were 
given a prolonged anneal in flowing dry hydrogen at 
1100° C, followed by a slow cool at about 100° C/h 
to room temperature. X-ray examination of the 
finished strip specimens showed a texture of the form 
(112) [110]. A similar texture has been reported by 
other workers using silicon iron of corresponding 
purity. For magnetic purposes the specimens are 
not markedly anisotropic. 


Introduction of Nitrogen 

The specimens were first annealed in flowing hydro- 
gen at about 850° C for at least 48 h to reduce carbon 
and nitrogen to less than 0-001%. Nitrogen was 
introduced by annealing at 700° C in a closed system 
under an atmosphere of hydrogen and ammonia. 
After maintaining at 700° C for sufficient time for the 
nitrogen to diffuse right through the specimens, they 
were slowly cooled under vacuum. Varying levels of 
nitrogen were introduced by adjusting the ratio of 
the partial pressures of ammonia and hydrogen. It 
was thus possible to introduce nitrogen to any level 
within the range 0-002-0-02%,. 


Variation of Carbon Content 


Specimens containing 0-015% C and less than 
0-001°% N were progressively decarburized in flowing 
hydrogen at about 950°C. Periodically the decar- 
burizing treatment was discontinued; the specimens 
were homogenized in vacuum. This gave a series of 
measurements for carbon contents varying from 
0-015% to less than 0-001%. 
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Fig. 1—Variation of static hysteresis loss with nitrogen 
(curve A) and carbon (curve B) content for speci- 
mens slowly cooled from about 1000° C 


Magnetic Measurements 


All magnetic measurements were made at a Byax 
of 13,000 G. B/H curves for ring specimens were 
measured by orthodox methods.’ The magnetic 
induction B was determined by a calibrated search 
coil of about 10 turns wound directly on to the 
specimen. The magnetizing field H was applied by a 
toroidal winding over both the specimen and the B 
search coil. The magnitude of H was calculated from 
the dimensions of the toroid and the current flowing 
into it. 

B/H curves were plotted for sets of four strip 
specimens at a time, using a double-yoked uncom- 
pensated permeameter. The magnetic induction B 
was measured as described above. The magnetizing 
field H was measured with a calibrated search coil 
of small cross-section and of about 700 turns, placed 
alongside the specimens. 

Hysteresis losses were calculated from the areas of 
the B/H loops. It can be shown, from elementary 
theoretical considerations, that the error in the strip 
measurements, due to demagnetization, is less than 
0-1%.® 


RESULTS 


The variation of static hysteresis loss with carbon 
or nitrogen content is shown in Fig. 1. The more 
significant results were obtained for specimens con. 
taining nitrogen. The analysis for nitrogen content 
has an accuracy of -+ 0-0005°%. In view of this, all 
the results obtained for specimens containing less than 
0-001% N (by analysis) have been plotted in Fig. 1 
as containing 0-001%. The coercive force (for Bmax 
of 13,000 G) was determined from each static hysteresis 
loop. The results for specimens containing nitrogen 
and carbon are plotted in Fig. 2. The effect, for the 
nitrogen series, of treating all specimens with less 
than 0-001% N as having that composition is more 
marked in Fig. 2 than in Fig. 1. If the nitrogen 
determinations could have been made to an accuracy 
of about 0-00005% (not possible with existing tech- 
niques) then some low-level points in Fig. 2 (curve A) 
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Fig. 2—Variation of coercive force with nitrogen (curve 


A) and carbon (curve B) content for specimens 
slowly cooled from about 1000° C 


would be lower. Curve A would then continue to 
decrease in coercive force as the nitrogen content 
decreased. 


ANALYSIS OF RESULTS 


The two important questions are: (a) why is the 
effect of nitrogen different from, and much greater 
than, that of carbon, and (b) can these results be 
explained in terms of current coercive force theories. 
These theories depend to some extent upon the form, 
dispersion, and size of the precipitated particles which 
must be present when specimens of silicon-iron con- 
taining carbon or nitrogen are slowly cooled from an 
elevated temperature to room temperature. It will 
be shown that the present results can be explained 
on this basis. 


Effect of Inclusions on Magnetic Properties 


The two main contributions to the theory of coercive 
force are due to Kersten® and Néel.!° They both 
considered the effect of non-magnetic inclusions on 
the ease of movement of magnetic domain walls. 
Kersten made the following assumptions: 


(i) that a domain wall had a surface energy o per 
unit area 

(ii) that it was a rigid plane of thickness 5, separating 
domains of anti-parallel magnetization intensity 
8 

(iii) that the inclusions present could be represented 
by spheres of diameter d, arranged in a cubic 
lattice with spacing s. 


Then for d > 6, the coercive force H, is given 
approximately by 
He 


_ tod 
~ 21,8 


For this model, the volume fraction of precipitated 
nitride or carbide a is equal to 7d3/6s and the surface 
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energy a is related to the anisotropy constant K thus: 


io wen BO iis ie. VE (2) 
therefore 
5K6 =: 
H; nt OF (3) 


For the case of rod or bar-shaped inclusions! the 
corresponding relation is 


In this case, however, d is the small dimension of the 
bar and, allowing for random orientation of the 
needles, the numerical factor must be reduced. 

Kersten showed that his theory agreed with results 
obtained by Késter!? principally for steel containing 
0-2° C; with the assumption that all the carbon was 
precipitated in the form of cementite of reasonably 
constant dimensions, the theory predicted a mean 
radius of precipitate of 0-6 u agreeing with measure- 
ments from photomicrographs. 

However, Kersten’s theory can be criticized on two 
main counts: (a) the assumption of regular periodicity 
of inclusions is too artificial and (b) the assumption 
of a rigid plane domain wall is not entirely justified 
by experimental evidence, except under certain con- 
ditions.1% Allowing for a random distribution of 
inclusions and also for slight curvature of the domain 
walls, an extension of Kersten’s treatment could not 
account? for the very large coercive forces observed, 
e.g. in permanent magnet material. Néel!® pointed 
out that the effect of internal magnetic poles must be 
considered. For iron with d > 4, 


OK On] 2\3 
H, = —- 0-39 + In re ) ] tres aesicee (5) 


The application of this expression to all of Késter’s 
results shows very good agreement up to large values 
of coercive force. 


Application to Present Results 


Nitrogen Specimens—Both the above theories 
require that H, should be proportional to some power 
of a. In turn, a is directly proportional to W, the total 
weight-percentage of the impurity, on the assumption 
that all the impurity is precipitated during slow cooling 
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Fig. 3—Variation of coercive force with nitrogen content 
plotted on logarithmic scales to demonstrate the 
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to room temperature. This is a reasonable assumption 
in view of recent measurements of the solubility of 
nitrogen’ and carbon! in 3% silicon iron. 

Figure 3 shows a plot of the results of Fig. 2, for 
specimens containing nitrogen. Here the coercive 
force is plotted as ordinate on a logarithmic scale and 
the abscissa is the logarithm of impurity wt-%, W. 
This plot will yield the power law between H, and W. 
The best fit curve is given by A with a slope of 3. 
A slope of §% might be possible but a slope of 1 is 
improbable. Thus a Kersten type of effect is pre- 
dominant and the associated assumptions must be 
reasonably valid for the present results. 

Then 
5KS5 
Id 

It should be noted that the present series of speci- 
mens contains only small amounts of impurities and 
has very low coercive force values. Consequently the 
effects stressed by Néel would not be expected to be 
appreciable. 

Although the form of equation (6) allows H, to 
become zero as a becomes zero, experience suggests 
that this is not true. This may be because it is impos- 
sible to attain a zero value for a for all impurities or 
because there will always be a small finite energy 
required to move domain walls even in material of 
perfect purity. The latter point would be affected 
by any localized internal stress system. Consequently 
agreement between theoretical and experimental 
points might be expected to become worse at low 
values of impurity content. 

The value for A in equation (6) as 4 suggests that 
the precipitated nitride particles are rod-shaped. 
Metallographically such particles are observed in the 
high-purity alloy nitrided to the level of about 0-1% N 


He — 





Fig. 4—Photomicrograph of silicon iron specimen con- 
taining about 0-1% N after slow cooling from about 
1000° C. Etched nital x 725 
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(Fig. 4). Equation (6) contains the term at/d where 
d is the small dimension of the rod or needle. Figure 3 
shows that the value of d cannot vary considerably 
with nitrogen content, for the range covered in this 
work. This statement remains at present only a rough 
approximation since any complete analysis must 
include a knowledge of the chemical form of the 
precipitated nitride (i.e. whether it is a mixed iron- 
silicon nitride or the silicon nitride Si,N,), its density, 
and the variation of particle dispersion with nitrogen 
content. It is not possible, without further work, to 
determine unambiguously if the above assumption 
for constant d is correct. The alternative treatment 
would be to consider equation (6) as 

5K8 at seis) a: 


I. d I, d 


He R d 


6s3 


5Kér* dt 
a, = 

Figure 3 suggests that since H, is proportional to 
dt, then s must remain constant for the nitrogen 
contents covered in these measurements. This further 
implies that, during slow cooling of the specimens, the 
number of nitride nuclei remains constant despite 
changes in the amount of nitrogen available for 
nucleation and growth. This is unlikely, by compari- 
son, for example, with the case of iron-nitrogen 
alloys.1® It is thus more probable that the former 
assumption is true, that the particle dimension d 
does not change much over the specific range of 
measurements reported above. 

Assuming that the precipitated nitride has the form 
(Fe,Si),N and that its density is about equal to that 
of 3% silicon iron, then a is equal to 0-17 W where 
W is the wt-%, nitrogen present. Substitution of typical 
values!’ for K, 1-3 x 105 ergs/em’, I,, 1600 e.m.u., 


and 6, 10-5 cm, gives a value d equal to 2 x 10-4 
em and equation (6) becomes 
Bt BE WT ioissicicccistiaanion. (7) 


This relationship has been plotted as curve A in 
Fig. 2, again emphasizing the validity of the 4 power 
law as opposed to §. 

Allowance for random distribution of the precipi- 
tated needles reduces the numerical factor in expres- 
sion (6). This would lead to a smaller estimated 
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value for d. On this basis it can only be assumed that 
the smal] dimension of the precipitated needle is likely 
to be somewhat less than 10-* cm. Although the 
initial points in Fig. 3 might be considered to lie on 
a curve of slope 2/3 there is insufficient data to justify 
drawing specific conclusions from this. The presence 
of small amounts of other impurities (constant 
throughout the series of measurements) would have 
a maximum effect at very low nitrogen levels. 

Carbon Specimens—Figure 5 shows the relationship 
between log (coercive force) and log (carbon content). 
Corresponding to the discussion of the iron-silicon— 
nitrogen specimens, the slope of the curve in Fig. 5 
is 2/3; the coercive force is given by equation (6) with 
A equal to 2/3. Thus the precipitated carbide will be 
spherical. 

An estimate of the particle diameter d can be made 
by assuming that the carbide is cementite of similar 
density to iron. Then a is equal to 0-15 W and d 
is equal to 1-4 x 10-* cm. 

The coercive force is given by 


This relationship is plotted as curve B in Fig. 2. 
Attempts to examine the particles microscopically 
have not yet been successful. 


DISCUSSION 


A comparison between the effects of nitrogen and 
carbon can be made in the following way. If the 
B/H curve is approximated to a parallelogram with 
H, as base and drawn between the two parallels 
B= + 13,000 G then the static hysteresis loss is 





roughly proportional to the coercive force. From 
equations (7) and (8) 
loss due to nitrogen = En wt 
loss due to carbon Ey, pi 
i.e. 
Se, ae eae ree (9) 


n’~ Wiis 

This very approximate relationship can be seen to be 

verified experimentally in the range 3 x 10-3? < W 
<10 x 10°. 

Figure 1 shows adequately that in the pure material 

used throughout this investigation the effect of nitro- 

gen on the static hysteresis loss is 2 or 3 times as 


great as the effect of carbon. More important, from 
a commercial point of view, is the possible reduction 
in total watts loss by removal of nitrogen. For 
example, reduction of nitrogen from 0-005% (a com- 
mercial level) to 0-002% (which can be achieved 
relatively easily in the laboratory) should result in a 
50% reduction in the static hysteresis loss. This 
corresponds to a reduction of about 15% in the total 
watts loss of the material. 

The possibility that the precipitated nitride has 
the form Si,N, is almost certainly not true for this 
material. X-ray examination of material nitrided to 
contain about 0-1°% N shows the presence of nitrides 
of similar form to those already identified in a iron 
by Jack.!§ This work will be reported in more detail 
later. 


CONCLUSIONS 


(1) The influence of nitrogen on the static hysteresis 
loss and coercive force of pure 3% silicon iron is con- 
siderably greater than that of carbon for the range of 
impurity content 0-002-0-02%. This is explained 
largely by the fact that nitrogen is precipitated in 
needle-like particles of which the small dimension is 
rather less than 10-4 cm, whilst the carbon is precipi- 
tated as spheres of diameter approximately 10-4 cm. 

(2) The dimensions of the precipitated particles do 
not change very markedly with the total amount of 
impurity present. It seems more probable that the 
number of particles is increased as the total impurity 
content rises. 

A detailed examination of the variation of particle 
dimensions with varying heat-treatments will be 
reported later. 

(3) Within the nitrogen range which may be present 
in commercial material, a definite reduction in losses 
can be attained by removal of nitrogen. This influence 
of nitrogen in material of commercial quality is now 
being investigated and will be reported later. It is 
possible that other impurity elements will influence 
the effect of nitrogen. 
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The Effect of Hydrogen upon 
Martensite Formation in Low-alloy Steels 


By R. Kumar and A. G. Quarrell 


Introduction 


HAIRLINE CRACKS OR FLAKES came _ into 
prominence with the development of high harden- 
ability steels after the First World War, and have been 
the subject of considerable study since then. It is now 
generally appreciated that hairline cracks form in the 
presence of hydrogen if the decomposition of austenite 
is not complete above the temperature at which the 
martensitic transformation starts (Ms) and that a mixed 
structure containing small amounts of martensite is 
most prone to flaking and to cracking during welding. 

The extent to which the formation of hairline 
cracks is dependent upon transformation stresses is 
controversial. Andrew et al.! showed that under 
certain circumstances hairline cracks may occur in 
the absence of transformation stresses, whereas 
Troiano et al.? suggested that stresses arising from 
low-temperature transformation are essential. Both 
these groups of workers charged specimens with 
hydrogen by austenitizing them in an atmosphere of 
hydrogen, and studied the formation of hairline 
cracks after isothermal treatment at different tem- 
peratures for varying lengths of time followed by 
quenching to room temperature. 

More recently Barker and Wainwright* studied 
hairline crack formation in plain carbon and Ni-Cr— 
Mo steels in the absence of any phase transformation. 
They charged hydrogen subcritically at 600-650° C 
under a hydrogen pressure of 100 atm so that the 
hydrogen solubility was increased by about 10 times. 
Under these conditions hairline cracks were observed 
in Ni-Cr-Mo steels after cooling but not in plain 
carbon steels. 

Nevertheless many of the characteristics of hairline 
crack formation strongly suggest that an important 
role may be played by transformation stresses and the 
effect of hydrogen upon them. Relatively little work 
has been done so far on the effect of hydrogen on 
transformation. Andrew ef al.1 showed that in a 
Ni-Cr—Mo steel hydrogen retarded the transformation 
above 450° C, but below that temperature accelerated 
the bainitic transformation by reducing the incubation 
period. Much later Cottrell showed that hydrogen 
retarded the martensitic transformation by lowering 
the Mr temperature in Mn—Mo steel. It has also been 
reported that hydrogen influences the phase trans- 
formations in pig iron.® The present investigation was 
undertaken because of the need for more reliable 
information on the effect of hydrogen upon martensitic 
transformations in steel. 
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SYNOPSIS 


The effect of hydrogen upon martensite formation in a number of 
alloy steels has been studied with the metallographic technique of 
Greninger and Troiano and a simple dilatometric technique. For 
most of the steels examined, hydrogen present to the extent of 
4-7 ml/100 g retards the later stages of transformation to still lower 
temperatures. For certain steels there is no effect, and for yet others 
the hydrogen depresses the Ms temperature by as much as 50°C, 
the transformation then occurring with a pronounced ‘ burst’ so 
that it is complete sooner than in nitrogen-treated control speci- 
mens. It is shown that hydrogen may accelerate transformation in 
the lower bainite range, and that the effect on martensite formation 
is also observed during air cooling. The effect of hydrogen is 
dependent on the carbon content and a tentative explanation of 
some of the observations is advanced. It is suggested that there is a 
strong interaction between the hydrogen and carbon atoms, which 
tends to prevent clustering of the latter and so reduces the chances 
that carbon-free regions of austenite, which may serve as embryos 
for martensite formation, may occur. The significance of the results 
is discussed in relation to hairline crack formation. 1441 


Experimental Techniques 
A metallographic technique was chosen rather than 
a dilatometric one for the following reasons: 

(i) It enables higher hydrogen contents to be retained 
throughout the transformation. For satisfactory 
dilatometric studies of athermal transformation, 
relatively thin specimens are generally used and, 
on cooling to the martensite range, such speci- 
mens would lose a substantial portion of the 
hydrogen retained during austenitizing in a 
hydrogen atmosphere 

(ii) The morphology of the martensite may be examined 
and it is possible to see whether hydrogen makes 
the normal transformation more sluggish or 
leads to the formation of new phases. 


The particular metallographic method chosen was 
the quench-temper technique developed by Greninger 
and Troiano® followed by quantitative evaluation of 
the martensite formed in the quench by the point- 
counting technique of Howard and Cohen.’ An 
apparatus was constructed which enabled specimens 
to be treated as follows: 

(i) Austenitized in hydrogen or nitrogen 


(ii) Quenched in a liquid bath to a temperature in the 
M,—My range, and held there for sufficient time 
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Fig. 2—Effect of hydrogen on martensite formation in 
4% Ni-Cr-Mo steel to En30B 


better than + 1% at 95% probability, if the average 
of five fields is taken. 

For quantitative metallographic examination, the 
etching reagents (nital, picral, and Villela’s) were 
chosen to give maximum contrast between tempered 
and untempered martensites. In some cases the 
contrast was improved by the addition of ‘ Roccol ’ 
(zephiran chloride) to nital® or by etching in 35% 
aqueous solution of sodium hydrogen sulphite,’® 
particularly when the amount of tempered martensite 
was more than about 90°%,. 


Experimental Results 

In the early stages of the research the effect of 
hydrogen on martensite formation was studied in 
four steels as follows: 
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Fig. 3—Effect of hydrogen on martensite formation in 
free-cutting 13°, Cr steel 


(i) 3% Ni-Cr to En 23 

(ii) 44% Ni-Cr-Mo to En 30B 

(iii) 13% Cr free-cutting stainless steel 

(iv) 3% Cr-Mo to En 40B 
Hydrogen-treated and nitrogen-treated specimens 
were compared over the entire martensite range. The 
results are shown graphically in Figs. 1-4, in which 
the percentage of austenite transformed on quenching 
to a particular temperature in the martensite range is 
plotted against temperature. The more important 
features are summarized in Table III. 


Nitrogen Pick-up 
To test whether nitrogen pick-up during the 


austenitization of the control specimens affected 
subsequent transformation, a specimen of the 44% 











Table II 
EXPERIMENTAL DETAILS 
| Tempering 
Type of Steel | Specimen ena | ey ee —_——— -—— 
| | °C | . — | Time, s 
0-30% C-3% Ni-Cr to En 23 | fin. dia. x 1} in. 890° 90 A 500-550 45 
0-:29% C-44% Ni-Cr—Mo to En30B | in. dia. x 1} in. | 890 120A 500-550 60 
Free-cutting 13% Cr | in, dia. x 1} in. | 950 | 90B 600-650 120 
0-29% C-3% Cr-Mo to En40B #; in. dia. x 14 in. 890 90A 500-550 45 
13% Cr to En56A as 970* 90B 600-650 120 
C-Cr to En31 ” | 1100 300 C 250 480 
0-86% C-3% Cr-Mo *% 1100 300 C 450 60 
0-57% C-3% Cr-Mo ” 1050 90 B 500-550 | 45 
0-22% C-3% Cr—-Mo - 1050 90B 500-550 | 45 
0-80% C-44% Ni-Cr—Mo ne } 1000 120D 450 | 45 
0-55% C-44% Ni-Cr-Mo me | 900 90 B 550-600 | 60 
| 

















* Steel not completely austenitized (12-7% 5 ferrite). 


t In the martensitic range. Those marked A were quenched in the salt bath; B in the metal bath; C in olive oil; D in water. 
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Fig. 4—Effect of hydrogen on martensite formation in 
3% Cr-Mo steel to En40B 


Ni-Cr-Mo steel was austenitized in an argon atmo- 
sphere and quenched to 280° C. The result is indicated 
by the cross on Fig. 2 and is not significantly different 
from that for the normal control specimen. 

Specimens of the 3% Cr—Mo and the free-cutting 
13% Cr steels were analysed for nitrogen in the as- 
rolled condition and after austenitizing in hydrogen 
for 5 h followed by a quench. In the as-rolled condi- 
tions the nitrogen contents were reported as 0-015% 
and 0-014% respectively, compared with 0-019% 
after austenitization in nitrogen. 


Discussion 

Hydrogen appeared to have no effect upon trans- 
formation in the 3% Cr—Mo steel to En 40B. In the 
other three steels, hydrogen present to the extent of 
4-7 ml/100 g had no effect upon the M, temperature 
but stabilized the austenite, particularly in the later 
stages of transformation. The stage at which the 
influence of hydrogen first becomes apparent varies 
from steel to steel and is indicated by the points 
marked A on the various curves. From A onwards the 
transformation curve for hydrogen-treated specimens 
departs progressively from that for the control 
specimens austenitized in nitrogen. 

During the metallographic examination no evidence 
was obtained to suggest that hydrogen had any effect 
upon the morphology of the martensite. 

Examination of the transformation curves (Figs. 
1-4) shows that the bulk of the martensite formation 
occurs at a higher temperature in the 3% Cr—Mo steel 
than in the other three. Thus 80% of the transforma- 
tion is completed on cooling to 336°C, whereas the 
corresponding temperatures for the 3% Ni-Cr, free- 
cutting 13% Cr, and 44% Ni-Cr—Mo steels are 325°, 
286°, and 283° C respectively. 
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Table III 
EXPERIMENTAL RESULTS 
| 
Effect of H | Aver- 
| Normal | firstobservea | Mr it ee 
= re- - 
Type of Steel Bx eg 5 Ronin tent, 
| = v | % | of Hy, | ml/100 
ca” Trans-| °C | gat 
| formed) | N.T.P. 
| | 
0-30% C-3% Ni-Cr to En23 | 352-282 | 324 80 | 260 | 4:2 
! 
0-29% G-44% Ni-Cr-Mo | 296-252| 285 | 54 | 216 | 4-0 
to En30B | 
Free-cutting 13% Cr | 315-256 | 298 | 30 | 230 | 7-3 
0-29% C-3% Cr-Mo to 348-262 262 | 5-6 
En40B | | 
13% Cr to En56A 332-274 | 320 24 | 260 7:8 
C-Cr to En31 | 180-15 110 75 | 0 7-6 











It seemed possible that the effect of hydrogen might 
be dependent upon the temperature of martensite 
formation. In particular, the results obtained so 
far were in keeping with the idea that hydrogen had 
little effect upon martensite formation above about 
320° C; further experiments were therefore made to 
test this idea. Two steels were selected for further 
tests: (a) 13° Cr steel to En 56A in which the bulk of 
the martensite is formed above 300° C, and (b) C-Cr 
steel to En 31 in which the bulk of the martensite is 
formed below 120° C. 

The salient features of the transformations are in- 
cluded in Table III. The results conform to the general 
picture of hydrogen retarding the late stages of the 
transformation and lowering the Mr temperature, 
but the differences between the hydrogen and nitro- 
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Fig. 5—Effect of hydrogen on martensite formation in 
0-86% C-3% Cr-Mo steel 
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gen-treated specimens are less pronounced than in 
Figs. 1-3. Also, in spite of the considerable difference 
in M, temperature between the two steels, there was 
no marked difference in the magnitude of the retarda- 
tion due to hydrogen. 


The Role of Carbon—Two 3% Cr—Mo steels with 
carbon contents of 0-86 and 0-57% were made in an 
induction furnace and their transformation charac- 
teristics in the martensite range were determined. 
Apart from carbon content, the steels conformed to 
the chemical clauses of En 40B. 

The results obtained on these steels are shown in 
Fig. 5 and by the broken lines in Fig. 6. Those for the 
0-86% C-3% Cr—Mo steel (Fig. 5) show more scatter 
than usual in this work and insufficient steel was 
available to permit checking of the points farthest 
removed from the curve. The pronounced effect of 
hydrogen treatment was illustrated by taking four 
specimens A, B, C, and D that had been treated in 
nitrogen and retreating them in hydrogen. In all 
cases the results fitted the curves shown in Fig. 5. 

The scatter of experimental points for the 0-57°% C-— 
3% Cr—Mo steel (Fig. 6) was normal and the shapes 
of the transformation curves were in general agree- 
ment with those in Fig. 5. In particular, hydrogen 
depressed the M; temperature by 50-55° C, greatly 
increased the slope of the linear portion of the trans- 
formation curve, and caused more transformation to 
occur at high temperatures in the later stages. The 
increasing slope of the curve observed in the beginning 
of the transformation in nitrogen-treated specimens 
was absent in the hydrogen-treated specimens. 

In view of the obvious importance of carbon con- 
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Fig. 7—Effect of hydrogen on martensite formation in 
0:22% C-3% Cr-Mo steel 


tent in deciding the effect of hydrogen on martensite 
formation, two further 3° Cr—Mo steels of lower 
carbon contents than hitherto examined were made. 
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Fig. 8—Influence of rate of cooling on effect of hydrogen on martensitic transformation in 0-55% C-4}% Ni- 
Cr-Mo steel 


That containing 0-22% C showed no effect of hydrogen 
(Fig. 7) and its behaviour was essentially similar to 
that of the 0-29°% C-3% Cr—Mo steel. The martensitic 
transformation in 0-10°% C-3% Cr-Mo steel could not 
be investigated as the rate of cooling was not drastic 
enough to suppress the upper transformations. The 
behaviour of 3% Cr—Mo steels is summarized in 
Table IV. 

In order to find out if carbon exerted a similar role 
in steels of other alloy contents, two 43% Ni-Cr—-Mo 
steels with carbon contents of 0-55% and 0-80%, 
but otherwise corresponding to the En 30B steel, were 
made and examined. The results are shown in Fig. 8 
(broken line) and Fig. 9. Although hydrogen retards 
the later stages of the transformation in a 44% 
Ni-Cr—-Mo steel to En 30B with 0.29% C, when the 
carbon content is increased to 0-55-0-80%, hydrogen 
has no effect on the formation of martensite. A few 
experiments, conducted at temperatures near the 
Mr on a 0-20% C-44% Ni-Cr-Mo steel, indicated that 
the later stages of the transformation are retarded 
by hydrogen. The behaviour of 44% Ni-Cr—Mo 
steels is summarized in Table V. 


GENERAL OBSERVATIONS 


On the basis of the results obtained during the 
present investigations by the metallographic tech- 
nique, the following general observations can be made: 

(a) Hydrogen depresses to lower temperatures the 
later stages of the transformation in 0-30% C-3% 
Ni-Cr steel to En 23, 0-299 C-44% Ni-Cr—Mo steel 
to En 30B, free-cutting 13° Cr steel, 13% Cr steel 
to En 56A, and C-Cr steel to En 31. 

(6) Hydrogen has no effect on the transformation in 
0.29% C-3% Cr-Mo steel to En 40, 0.22% C-3% 
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Cr—Mo steel, 0-55% C-44% Ni-Cr-Mo steel, and 
0-80% C-43% Ni-Cr—Mo steel. 

(c) Hydrogen depresses the M, temperature and 
causes the later stages of the transformation to occur 
at higher temperatures in 0-57% C-3% Cr—Mo steel, 
and 0-86% C-3% Cr—Mo steel. 

Too few results are available to justify any sweeping 
generalization, but it would seem that the effect of 
increasing the carbon content of the 3° Cr-Mo and 
44°% Ni-Cr—Mo steels is to modify the effect of hydro- 
gen in the direction (a) > (b) + (c). The 3% Cr-Mo 
steels examined exhibit behaviour of types (6) and (c) 
and it is unfortunate that the 3% Cr—Mo steel con- 
taining only 0-10°% C could not be examined by the 











Table IV 
EXPERIMENTAL RESULTS ON 3% Cr-Mo STEELS 
M,-Mr | Average 
Steel Range in a a) | Effect of Hydrogen on 
absence | 100 ¢ at Transformation 
of H,, "<< P 

0-22% Cc | 412-342 5-62 No effect 

0-29% Cc 348-262 5-60 No effect 
0-57%C 256-142 6-62 Mg depressed from 256° to 199° C 

| Meraised from 142° to 160° C 
i | Transformation proceeds with 
} great rapidity; overtakes the 
transformation in _ control 
| specimens at 70% martensite 
0-86% C | 148-30 7:20 | Mgdepressed from 148° to 98° C 
| Mrnot affected. 

| Transformation proceeds with 
great rapidity; overtakes the 
transformation in_ control 
| | specimens at 50% martensite 
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present technique. The 44%, Ni-Cr—Mo steels exhibit 
behaviour of types (a) and (6) but no 44% Ni-Cr-Mo 
steel containing more than 0-80% C has been 
examined in the present investigation. 


INFLUENCE OF RATE OF COOLING 


A simple dilatometric technique was used to study 
martensite formation during continuous cooling. The 
specimen, with a thermocouple spot-welded to it, 
was austenitized in hydrogen or nitrogen for 5 h and 
then rapidly transferred to the dilatometer, quenched 
in a metal bath at 420° C, and held there for 1 min. 
The object of this was to avoid sharp temperature 
gradients across the specimen during subsequent 
cooling and to permit relatively slow cooling through 
the martensite range in still air. Measurements of 
temperature and dilation during transformation 
were recorded manually. 

Specimens were -; in. dia. x }in. long with an 
axial hole 3 in. dia. and were supported between two 
silica points in the dilatometer to be completely 
surrounded by the liquid of the bath. 

In view of the relatively fast cooling rates, steels 
with high M, temperatures could not be examined by 
this technique. Also, preliminary experiments indi- 
cated that if the specimen was directly quenched to 
below the Mr temperature the dial gauge was not 
sensitive enough to indicate the dilation occurring 
during the transformation. 


Continuous Cooling of the 0-57% C-3% Cr-—Mo Steel 

The results for this steel, transformed during 
air-cooling from 420°C, are given in Fig. 6. The 
curves are drawn through the average of separate 
readings on two different specimens in each case; the 
transformation curves were reproducible to a reason- 
able degree of accuracy. Salient features of the curves 
are listed in Table VI and compared with the results 
obtained by the metallographic method. The fact 
that the same M; temperature is obtained for control 
specimens by both techniques confirms the reliability 
of the dilatometric method. Later stages in trans- 
formation in the control specimens are retarded so 
that the Mr temperature is depressed by over 100° C 
but this should be regarded as a manifestation of the 
normal stabilization of austenite. 

Slower cooling has a far more pronounced effect on 
the specimens treated in hydrogen. Transformation 
starts at a temperature above Ms, presumably owing 








to the onset of the bainitic transformation. The 
Table V 
EXPERIMENTAL RESULTS ON 43% Ni-Cr—-Mo 
STEELS 
| Ms-Mr | Average | 
Steel | Rangein  H, Con- Effect of Hydrogen on 
| absence | tent, ml Transformation 
|ofH,,°C! 100g | 
| 
0:29%, C 296-252 4-00 No effect on the M,. Formation 
| of martensite retarded after 
54%, transformation. Mr de- 
| pressed from 252° to 216°C 
0:55% C | 196-70 7:80 | No effect 
0-80% C 112-8 7:96 | No effect 
| | i 
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Fig. 9—Effect of hydrogen on martensite formation in 
0:80% C-43% Ni-Cr-Mo steel 


subsequent martensitic transformation occurs in a 
number of steps as shown in Fig. 6 and there is marked 
evidence of stabilization. In the hydrogen-treated 
specimens the last 20°, or so of the austenite trans- 
forms in a sudden burst. 


Effect of Hydrogen on the Bainitic Transformation 
Because hydrogen-treated specimens of 0-57°% C 
3% Cr-Mo steel began to transform above Ms, the 
isothermal transformation of both control and hydro- 
gen-treated specimens was studied at 273 +.2°C. 
The results shown in Fig. 10 confirm that the ap- 
parent raising of the M, temperature of hydrogen- 
treated specimens examined in the dilatometer 
(Fig. 6) is due to the effect of hydrogen in accelerating 
the formation of bainite. The specimens for isothermal 


Table VI 


INFLUENCE OF COOLING RATE ON THE EFFECT 
OF HYDROGEN ON THE MARTENSITIC 








TRANSFORMATION IN 0-57%C-3% Cr-Mo 
STEEL 
pr Dilatometric 
Technique _ Technique 
(Fast Cooling) (Slow Cooling) 
M, in control specimen, ° C 256 256 
M, in hydrogen-treated specimen, C° 199 300* 
Mr in control specimen, ° C 142 40 
Mr in hydrogen-treated specimen, ° C 160 10 
Transformation 80%, Completed: 
(a) in control specimen 65 160 
(6) in hydrogen-treated specimen 4 280 











* The start of the transformation is bainitic. 
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Fig. 10—Effect of hydrogen on isothermal transforma- 
tion at 273°C in 0-57% C-3% Cr-Mo steel 


treatment were quenched to 420° C from the austenitiz- 
ing temperature, air-cooled to 280° C, and then im- 
mersed in the metal bath at:273°C. Hydrogen ap- 
‘parently speeds up the formation of bainite by reduc- 
ing the incubation period from 9 min to practically 
nil under the experimental conditions. Moreover, 
once the incubation period is over, the rate of trans- 
formation is greater in the presence than in the 
absence of hydrogen. Essentially the same observa- 
tions were made when the experiment was repeated 
and the results confirm the earlier work of Andrew et 
al} 


Continuous Cooling of the 0:55% C-44% Ni-Cr-Mo 
Steel 

With the knowledge of the profound effect. that 
rate of cooling may have on the influence of hydrogen, 
the study was extended to a steel which showed no 
effect of hydrogen according to the metallographic 
technique. One such steel—the 3° Cr—Mo steel con- 
taining 0-29°%, C—could not be examined by the 
dilatometric technique as the bulk of the transforma- 
tion under these conditions was non-martensitic. The 
results obtained on another such steel—the 0-55% 
C-44% Ni-Cr-Mo—are presented as the continuous 
lines in Fig. 8; the broken line represents the trans- 
formation as revealed by the metallographic technique. 

From the start of transformation in the dilatometer 
at 260° C down to about 150° C, hydrogen accelerates 
the transformation, but below 140° C it has a retarding 
effect which is at a maximum at about 60° C. In both 
hydrogen-treated and control specimens, the trans- 
formation is completed at about —20° C. As in Fig. 6, 
there is a tendency for transformation of the hydrogen- 
treated specimen to proceed in a number of steps, but 
the effect is less marked than with the 0-57% C- 
3% Cr-Mo steel. 
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The start of the transformation during air cooling is 
bainitic because the rate of cooling is such that it cuts 
across the bainitic ‘knee’ of the isothermal trans- 
formation diagram. At the ‘ knee ’ the transformation 
starts very rapidly but continues sluggishly. This 
was confirmed by carrying out an isothermal test at 
220 + 2°C. The specimen was quenched from the 
austenitizing temperature to 400°C, air-cooled to 
230° C, and immersed in the bath at 220°C. Very 
little transformation occurred during 2h at this 
temperature, but as the temperature was raised to 
310° C the transformation completed rapidly. 


The y to a Expansion 

The dilation of the control specimens during the 
martensitic transformation was greater than for 
hydrogen-treated specimens. This is in line with the 
ealier work of Andrew et al.1 for the transformation 
within the temperature range 600-330° C. 


GENERAL OBSERVATIONS ON THE MARTENSITE 
TRANSFORMATION 

Since the transformation of a number of steels has 
been studied over the whole martensite range, a few 
general observations may be made about martensite 
formation in the absence of hydrogen. 

In general, the transformation/temperature curve 
has virtually maximum slope at M, and transforma- 
tion proceeds very rapidly with falling temperature 
until about 80% martensite is formed. Thereafter the 
slope of the transformation curve diminishes and 
traces of austenite near Mr may be more persistent 
than the figures reported suggest. Among the steels 
examined in this work, the maximum slope of the 
transformation/temperature curve was observed in 
low-carbon 3° Cr—Mo steels, in which as much as 
80% martensite may be formed within a temperature 
drop of 10° C. 

An exception to the general behaviour is the 0-29% 
C-44°% Ni-Cr—Mo steel to En 30B in which the initial 
slope of the transformation curve is low and then 
increases progressively to a maximum at about 30% 
transformed 45° C below M;. From then until about 
80% transformation, the reaction is very rapid. 
Steven and Haynes"! have recently investigated the 
transformation below Ms; in great detail in a steel 
similar to En 30B and have found that “. . . bainite 
incubation period decreases discontinuously at the 
M, temperature, however, and the chances of bainite 
forming below the M; temperature are greater than 
would be anticipated from an extrapolation of the 
bainite transformation lines from above the Ms.’ An 
examination of their transformation diagram suggests 
that some bainite may have been counted as marten- 
site in the present work and that this may explain the 
unusual transformation curve. The M, temperature 
of 296° C obtained by back extrapolation of the linear 
part of the curve agrees well with the figure reported 
by Steven and Haynes. 

Effect of Carbon on the Ms-M; Range 

As shown in Table VII, the Ms—M¢ range appears to 
widen with the first increases in carbon content, as 
earlier suggested by Grange and Stewart,!? but later 
additions appear to have less effect. 
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M, temperatures for some of the steels examined 
have been calculated from the empirical formule of 
Nehrenberg!*® and of Steven and Haynes" and are 
summarized in Table VIII. In general, the equation 
due to Steven and Haynes gives better agreement 
with the experimental results. 


DISCUSSION 


Any satisfactory explanation of the effect of 
hydrogen on the formation of martensite must account 
for the experimental observations that, depending 
upon the steel, hydrogen 

(i) has no effect on the transformation, 

(ii) may depress the M, temperature and cause the 
later stages of the transformation to occur 
at higher temperatures, 

(iii) may depress later stages of the transformation 
to lower temperatures. 

Further, the effect of hydrogen may be profoundly 
modified by the rate of cooling. 

The requirements are clearly exacting and an 
acceptable explanation requires a clear understanding 
of (a) the kinetics of the formation of martensite, 
(b) the nature of the martensite embryo, and (c) the 
effect of alloying elements on the formation of 
martensite. Unfortunately our understanding of 
these factors is far from adequate and so no satisfac- 
tory explanation of the effect of hydrogen can be 
advanced at present. The following discussion is 
accordingly tentative. 

Generally speaking, the kinetics of a phase change 
are significantly altered when the addition of alloying 
elements changes the free energies of the phases 
concerned. Thus the addition of carbon to a steel will 
lower the M, temperature and move the entire 
transformation curve towards lower temperatures. 
Certain experimental observations strongly suggest 
that hydrogen has little or no effect upon the free ener- 
gies of a and y iron. They are: 

(i) Although M, and the early part of the trans- 
formation curve may be unaffected, the later 
stages of transformation may be depressed to 
lower temperatures. This effect may operate 
when as much as 80% of the austenite has 
transformed normally. 

(ii) When the M, temperature is depressed by as 
much as 50°C, the late stages of the trans- 
formation may in fact be caused to occur at 
higher temperatures than in the absence of 
hydrogen. 


Table VII 


DEPENDENCE OF MARTENSITIC TEMPERATURE 
RANGE ON CARBON CONTENT 








; 
Pie 
Steel | ue | MG M; — 
3% Cr-Mo Steels | | 
(a) 0-22% C 412 342 | 70 
(b) 029% C 348 262 86 
Seace | a 
(d) 0-86% 1 
44% Ni-Cr-Mo 
Steels | 
(a) 0-29% C 296* 252 44 
(b) 0-55% G 196 70 | 126 
(ec) 0-80% C 112 8 | 120 

















* Extrapolated temperature 
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Table VIII 
CALCULATED Ms TEMPERATURES, °C 











Steel Nehrenberg ‘i. | Experimental 
| 

0-22%, C-3°% Cr-Mo 321 360 412 

0-29°,, C-3%, Cr-Mo 310 342 348 
to En40B 

0-57%, C-3°, Cr-Mo 215 212 256 

0-86°,, C-3%, Cr-Mo 150 + 148 

0-29% C-44% Ni- 300 318 296* 
Cr-Mo to En30B 

0-55% C-4}% Ni- 206 191 196 
Cr-Mo 

0-30% C-3% Ni-Cr | 322 328 350 
to En23 

C-Cr to En 31 152 + 180 








* Extrapolated temperature 
+t The equation is not applicable 


If the free energies of a and y iron are not affected by 
hydrogen, it follows that hydrogen asserts its influence 
by some special mechanism, particularly as such small 
quantities produce relatively large effects. The 
retardation of martensite formation in some steels 
could be taken as an indication that more strain 
energy is required for the transformation in the pre- 
sence of hydrogen. It has been shown,!! however, 
that the strain energy does not depend on the nature 
of the alloying element but on the temperature of the 
formation of martensite. 

Fisher, Hollomon, and Turnbull! have derived 
expressions for calculating the amount of martensite 
formed as a function of temperature, on the assump- 
tion that it is more difficult to transform a small 
pocket of austenite than a big one. According to this 
view, a steel containing coarse pockets of residual 
austenite would transform at a higher temperature 
than a similar steel containing fine pockets of austenite. 
If this were so, hydrogen might retard the later 
stages of martensite formation by modifying the 
morphology of the martensite in such a way that 
smaller pockets of austenite were left. Although no 
difference was detected in the morphology of the 
martensite in hydrogen-treated specimens in the 
present work, it could be argued that any such effect 
might be too subtle to be noted in the microscope. 
However, a weak point in the argument is that it 
presupposes that hydrogen has no effect on the Ms 
temperature; another is that it does not explain why 
hydrogen exerts no influence on transformation in 
some steels. 

The fact that the influence of hydrogen is so de- 
pendent upon the carbon content of the steel suggests 
that there may be some interaction between hydrogen 
and carbon. 

At first thought, there is only a small possibility of a 
strong interaction between hydrogen and carbon 
atoms in an environment of metal atoms but there is 
earlier indirect evidence of such an effect. Thus it has 
been found!® that the evolution of hydrogen from 
steel on cooling is retarded by increasing amounts of 
carbon and that the higher the carbon content of the 
steel the less the hydrogen evolved at room tempera- 
ture. 

According to the nucleation and growth theory, the 
basic step in the nucleation of martensite is the 
occurrence of carbon-free regions in the austenite. 
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The probability of finding carbon-free regions should 
be low for ideal solution behaviour and high for 
positive deviations from Raoult’s law. Normally 
carbon exhibits positive deviations from the law and 
tends to form clusters so that the possibility of carbon- 
free regions is relatively high. The effect of hydrogen 
upon transformation in such steels as the 0-57% C- 
3°, Cr—Mo could be explained if it tended to prevent 
clustering of the carbon atoms. In the extreme case 
this might make nucleation so difficult that trans- 
formation would not start at the normal M,; tempera- 
ture but only after considerable undercooling. Under 
these conditions, once the transformation starts there 
would be a considerable excess of free energy and 
transformation would proceed with a ‘burst’ as 
suggested by Cech and Turnbull.1’ The slope of the 
transformation/temperature curve would be expected 
to be greater than for the normal transformation, 
particularly as the carbon would be more uniformly 
distributed throughout the austenite so that there 
would be fewer segregated pockets of carbon-rich 
austenite which would have to transform at lower 
temperatures. 

The fact that the depression of M; followed by 
‘burst ’ transformation is observed only in relatively 
high-carbon steels may be because, even in the ab- 
sence of hydrogen, the chances of finding carbon-free 
regions are lower the higher the carbon content so that 
the action of hydrogen in preventing clustering is 
relatively more effective. 

It may be that some such effect is operative in the 
later stages of the transformation curves such as 
Figs. 1-3. Here there is no effect on Ms; but the last 
austenite to transform does so at lower temperatures 
in hydrogen-treated than in nitrogen-treated speci- 
mens. The austenite transforming at lower tempera- 
tures is presumably that in which there is maximum 
carbon concentration; and it may be that the effect of 
hydrogen in stabilizing the austenite becomes apparent 
when the carbon content of the residual austenite 
reaches a critical value. 

Be that as it may, there is little doubt from the 
experimental observations that hydrogen can exert a 
profound effect upon transformations in steel and 
that more work needs to be done on the subject. 
Andrew and his co-workers! showed that hydrogen 
retarded transformation in the pearlitic range, had 


no effect on transformation in an intermediate range, 
and accelerated transformation of a Ni-Cr—Mo steel 
in the lower bainite range. The present work has 
extended these observations to the martensite range 
and a variety of steels. Whatever the correct explana- 
tion of the effects of hydrogen may be, there are a 
number of conclusions of practical importance that 
may be drawn. . 

First, those who are concerned with the transforma- 
tion characteristics of large forgings, etc., should not 
deduce these characteristics from the behaviour of 
small specimens under controlled laboratory condi- 
tions that automatically remove hydrogen from the 
steel. 

Secondly, the stabilization of austenite by hydrogen 
as in Figs. 1-3 and the ‘ burst ’ formation of martensite 
as in Fig. 6 (both on air-cooling and on quenching) 
may play an important part in hairline-crack forma- 
tion. The transformation of austenite must lead to 
tensile stresses in the matrix, and if austenite is 
retained to a lower temperature, these tensile stresses 
will be the greater. They will be superimposed on the 
existing stress pattern in the steel, owing to body 
and pre-existing transformation stresses and, in some 
cases, the stresses caused by hydrogen pressure in 
voids. Presumably cracks will start where the 
resultant stress, due to all these factors, is sufficient 
to disrupt the steel embrittled by hydrogen, and it 
may well be that the stresses due to the breakdown 
of the residual austenite, stabilized by hydrogen, are 
responsible for the ‘ trigger action.’ Once cracks have 
started, there is little doubt that the hydrogen pres- 
sure effect will play an important part in extending 
the cracks. 

Much more remains to be done before the effects of 
hydrogen are properly understood, but it is hoped 
that this paper will serve to focus attention on an 
important phenomenon that has hitherto received 
very little attention. 
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An Investigation of Nitride Precipitates in 


Pure Iron and Mild Steels 


By G. R. Booker, B.Sc., A.Inst.P., J. Norbury, B.Sc., Ph.D., F.Inst.P., A.R.T.C.S., 
and A. L. Sutton, M.A., D.Phil. 


Introduction 
INTEREST HAS BEEN SHOWN recently in plate- 


like precipitates which are sometimes observed near 
the edges of mild-steel slabs and sheet. This paper 
describes an investigation of these and similar precipi- 
tates made by nitriding pure iron and steels of differ- 
ing carbon contents. 

In an early study of the Widmanstitten structure 
of an iron-nitrogen alloy, Mehl, Barrett, and Jerabek! 
obtained large plate-like particles in Armco iron after 
heating in ammonia. X-ray diffraction patterns, 
obtained from these plates after isolation from the 
matrix, yielded lattice spacings which were in good 
agreement with those found by Hagg? for the iron 
nitride y’-Fe,N. The structure of this nitride was 
later confirmed by Jack,* who showed that the nitro- 
gen atoms occupy one quarter of the available 
octahedral interstices in an ordered manner, the 
iron atoms being on a face-centred cubic lattice. 

The existence of another nitride precipitate, smaller 
in size than y’-Fe,N, appears to have been first 
reported by Dijkstra* and by Wert.® Dijkstra heated 
purified iron wire in a dry hydrogen and ammonia 
atmosphere at 580° C for some hours before quenching, 
either in cold water or in a stream of compressed air, 
so as to retain all the dissolved nitrogen in super- 
saturated solid solution. Micrographs prepared from 
specimens after various times of tempering at 250° C 
showed the formation of an intermediate precipitate 
which disappeared slowly and was replaced by the 
characteristic y’-Fe,N precipitate on further anneal- 
ing. Dijkstra postulated that this intermediate 
precipitate was an e-iron nitride, whilst Wert® 
suggested that it occurred as discs orientated parallel 
to the (100) planes of the matrix, but did not comment 
on its composition. 

In an extensive investigation of the nitriding of 
powdered iron, Jack® showed by X-ray diffraction 
that a new phase, a’’-iron nitride Fe,,N,, was formed 
during the tempering of nitrogen martensite. The 
investigations established that this phase was also 
an ordered interstitial solid solution of nitrogen in 
which some iron atoms were slightly displaced from 
ferrite lattice sites by the nitrogen atoms, which 
occupied one twenty-fourth of the total number of 
octahedral interstices. He gave strong circumstantial 
evidence that this phase constituted the intermediate 
precipitate found by previous workers in solid speci- 
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SYNOPSIS 

Iron nitride precipitates present in O.H. steel slabs, in a range of 
nitrided steels, and in nitrided pure iron have been isolated by an 
extraction replica method, and have been examined by electron 
microscopy, electron diffraction, and X-ray diffraction. Two types 
of precipitate have been observed. and their plate-like nature demon- 
strated. 

The identity of the large precipitate has been confirmed to be 
y’-Fe,N, whilst the small precipitate has been identified as a’- 
Fe,,N., and found to form with the plane of the plate parallel to 
its (001) crystallographic planes. The effect of carbon on the 
rate of nitriding, and on the ultimate size of the precipitates, has 
been observed. There is no measurable difference in the unit-cell 
dimensions of the precipitates in pure iron and mild steel, and hence 
it is concluded that, if substitution of nitrogen by carbon atoms has 
occurred, it has no perceptible effect on the unit-cell dimensions. 

The a” — y’ transformation is discussed. and some evidence of 
the growth of y’-precipitates at the expense of neighbouring a’- 
precipitates is presented. 1385 
mens, although the details of any subsequent proof 
of this have remained as yet unpublished. 

Josefsson and Kula’ later found the two types of 
precipitate in a decarburized and nitrided steel, the 
smaller precipitate being much more in evidence 
than the large precipitate. Frequently, individual 
large precipitates were surrounded by zones in which 
the small precipitates did not appear. They con- 
cluded that ‘‘the shorter needles probably are the 
Fe-N intermediate phase of Dijkstra, the larger 
ones may be Fe,N.” 

Hopkins and Tipler* demonstrated the presence 
of two types of precipitate, similar in appearance 
to those reported by Dijkstra, in high-purity 0-01°, 
N alloys. Referring to Jack’s investigations on the 
structure of the a’’-phase (Fe,,N,), they commented 
in respect of the smaller-sized precipitate: ‘it is new 
assumed that this is the precipitate which appears 
on the (100) planes.” 

The present uncertainty regarding the actual 
composition of the two precipitates in steels contain- 
ing carbon as well as nitrogen has been discussed 
by Wert,® and Késter and Bangert..° These 
investigators showed that the precipitation of nitro- 
gen from a-iron was affected by the presence of car- 
bon. Wert suggested that the precipitates thus 
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Table I 
CRYSTAL STRUCTURES OF NITRIDE PHASES 
Material | Crystallographic | — 
a-Fe | Body-centred a = 2.8662 
cubic?® 
a”-Fe,,N; | Body-centred a = 5.72 
| tetragonal ** c = 6-29 
y’-Fe,N | Face-centred a = 3-795 
| cubic? 
| 
e-Fe,N-Fe,N | Hexagonal? | a = 2-700 
| c= 4-371 











* Unit cell contains 8 distorted ferrite b.c.c. cells 


formed may be carbonitrides, but Késter and Bangert 
concluded that carbide and nitride precipitates 
formed independently. The latter investigators sug- 
gested that, under these conditions, the growth of 
the nitride precipitates was checked because of the 
presence of numerous sub-microscopic cementite 
precipitates. 

The present investigations were undertaken to 
demonstrate the morphology of the two types of 
precipitate and to provide unambiguous identification 
of the smaller type. The crystal structures of the 
nitride phases involved are summarized in Table I. 


EXPERIMENTAL 
Materials 
Block samples of: 

(i) Swedish iron (B.I.S.R.A., AAL.22) 0:021% C, 
0-013% S, 0:002% P 

(ii) O.H. mild-steel slab, cast analysis: 0-075 % C, 
0-029% S, 0-013% P, 0-38% Mn, 0:08% Ni, 
0-10% Cu, 0-:03% Sn 

(iii) Medium-carbon steel, 0:22% C 

(iv) High-carbon steel, 0:6-0:°7% C 

(v) Very high-carbon steel, about 1-0% C 





(e) (4) 
(d) high-carbon steel, (e) very high carbon steel. 
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(vi) N.P.L. high-purity iron (Code No. 42AF1). 
N.P.L. analysis for 11 impurity elements totals 
0-031 %, including 0-006 % C and 0-:001% N. 
Nitriding Procedure and Heat-treatment 


Samples for nitriding were cut into small blocks and 
placed in the silica furnace tube of an electrically 
heated furnace, and the air in the tube was expelled at 
room temperature by a current of high-purity nitro- 
gen (about 10 p.p.m. oxygen), the flow being main- 
tained until the nitriding temperature had been 
reached. A bubbler containing liquid paraffin served 
both as an air-seal and as an indicator of the gas- 
flow. The temperature of the furnace was measured 
with a platinum/platinum-13% rhodium thermo- 
couple. Nitriding was effected by passing dried 
ammonia through the furnace at a temperature of 
700°C. Although the temperature of maximum solu- 
bility of nitrogen in a-iron is 590° C," a temperature 
of 700° C was adopted to utilize an increased rate of 
diffusion of nitrogen into the iron.12_ Furnace cooling 
to room temperature was carried out in a nitrogen 
atmosphere. 

The nitriding furnace was also used for tempering 
anneals at about 170° C, when a nitrogen atmosphere 
was maintained in the furnace. 


Preparation of Optical Micrographs 


Specimens were polished, etched in 3% nital, and 
photographed on a Vickers projection microscope. 


Electron Microscope Studies 


Normal and shadowed replicas were prepared from 
polished sections etched in 3% nital, and examined 
in an electron microscope. Extraction replicas were 
prepared using the method described by Booker 
and Norbury,'* the extracted material being examined 
in the electron microscope and by electron diffraction. 

Many of the electron diffraction patterns consisted 
of orientated spotty rings, which showed the relation- 
ship between the crystallographic axes and the 
physical form of the precipitates, but were not suit- 
able for accurate measurement. This difficulty was 
overcome by recording further electron diffraction 
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Fig. 1.—Cases formed by nitriding small blocks of (a) Swedish iron, (6) O.H. steel, (c) medium-carbon steel, 


Optical micrographs x 100 
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patterns whilst slowly scanning small regions of the 
extraction replica to give diffraction rings which were 
more complete. Further information was also ob- 
tained by recording electron diffraction patterns 
from extraction replicas inclined at about 45° to the 
electron beam. 


X-ray Diffraction Studies 


X-ray powder specimens were prepared from frag- 
ments of the outer layers of the nitride cases, the 
fragments being obtained either by scraping the sur- 
face of a block, or by removal in a shaping machine 
set to skim off a very thin layer. Canada Balsam was 
used as adhesive. 

The extraction replica method described by Booker, 
Norbury, and Sutton! was used to isolate the pre- 
cipitates. In this method, a large area of the speci- 
men (up to about 1 in. square) was polished and etched 
sufficiently to allow the precipitates to become 
embedded in a plastic film (Formvar) subsequently 
cast on the surface and dry-stripped. X-ray powder 
specimens were prepared by rolling the replicas into 
cylinders of small diameter. 

The diffraction effects due to the glass fibre, 
Canada Balsam, and rolled-up ‘ blank ’ replicas formed 
on a clean glass surface, were established by check 
tests. The patterns from the glass fibre and Canada 
Balsam occurred only at low Bragg angles and were 
too diffuse to cause any ambiguity in interpretation 
of patterns from the precipitates. Two spotty 
low-angle lines (3-35 and 3-04 A), which appeared 
sometimes with rolled up replicas, have been omitted 
from Table III, since they are thought to arise from 
contamination of the replica during handling. They 


were not found in electron diffraction patterns from 
the flat replicas. 

Standard X-ray powder technique was followed 
throughout the present investigation. Diffraction 
patterns were obtained using filtered Co Ka radiation 
and a 19-cem Unicam camera. The wavelengths for 
Co K radiation were taken as: 

A(a;) = 1-788,90 A 
A(a,) = 1-792,79 A 


RESULTS 
Examination of the Cases and Precipitates Produced 
by Nitriding 

This section is divided into three parts, embracing 
the results of investigations of the nitride ‘ cases’ 
produced on several different steels, the confirmation 
of the identity of the large-type precipitate as 
y’-Fe,N, and the positive identification of the small- 
type precipitate as a’’-Fe,,N,. The experimental 
observations are summarized in Table II. 
Nitride Cases 

Block samples of Swedish iron, the O.H. slab, 
medium-carbon steel (0-22%C), high-carbon steel 
(0-6-0-7% C), and very high-carbon steel (== 1% C) 
were nitrided simultaneously for 6} h, and furnace- 
cooled. Usually, the nitride cases (Fig. 1) comprised 
two distinct outer layers above a region containing 
precipitates. The extent to which nitriding had 
occurred was most pronounced in the low-carbon 
specimens, i.e. Swedish iron’ and O.H. steel slab, 
where the region referred to above contained plate- 
like precipitates and extended considerably below 
the two outer layers. 























Table II 
DATA CONCERNING ‘ LARGE’ AND‘ SMALL’ TYPES OF PRECIPITATE IN MATERIALS INVESTIGATED 
T f Diffraction Patt ft 
| Occurrence Yolation from Metal Surface 
Specimen Treatment i ia a ee i aise en eae 
| Normal on . 
| | Uocation | Amount | Type Slee | uacton ee, 
| | 
| 
Up to 
Layer parailel Large 25u | Fe,N Fe,N 
Small block of | Nitrided and to and beneath Large -———— $$$} —______—_ - 
O.H. steel | furnace-cooled the surface Up to 
| Small 3u = Fe,,N, 
| Upto | | 
Small block of | Large | 20u | Fe,N | Fe,N 
N.P.L. pure | Nitrided and ditto | Very | —_——— 
iron | furnace-cooled | large | Small Up to | Fe,,N2 Fe,,N2 
| | 6u. | 
: “| ‘ : : ; | — nen 
ditto | Nitrided, | ditto | Very | Small | Up to Fe,.N, | Fe.N; 
| quenched, and | large 6u. 
tempered | | 
ons, oe ee ee evince att ion eae 
Up to | 
| Scattered areas) | Large 15 | — Fe,N 
O.H. steel slab | in neighbour- | Small — — ~-|— —_———|—_— — 
| | hood of edges | | Small | Upto | = Fe,.Nz 
| | 3u 
| } 
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Fig. 2—Detailed structure of the second layer of the 
specimen of Fig. 16. Optical micrograph x 1700 


A detailed investigation was made of the nitride 
case of the O.H. slab, since the latter represented a 
typical commercial mild steel. The two outermost 
layers of the nitride case were removed successively 
by careful skimming in a shaping machine, and frag- 
ments from each layer were used to make X-ray 
powder specimens. ‘The pattern from the outermost 
layer was found to correspond to «-Fe,N—Fe,N 
(hexagonal) and y’-Fe,N (cubic) iron nitride phases, 
together with some weak lines of a-iron, the latter 
probably coming from some of the second layer which 
may have been skimmed off inadvertently during the 
first machining operation. The occurrence of twin 
bands in some of the grains of the outermost layer 
suggested the presence of a face-centred cubic phase. 
Since y’-Fe,N has a face-centred cubic arrangement 
of iron atoms, this observation supported the X-ray 
evidence. 

The second layer consisted of a finely divided 
dispersion of two phases (Fig. 2) and the X-ray 
diffraction pattern of the second batch of skimmings 
showed only diffraction lines corresponding to the 
a- and y’-phases, the pattern of a-iron being the 
stronger. The microstructure and X-ray results in- 





\ 


Fig. 3—Two types of precipitate in nitrided and furnace 
cooled O.H. steel. Optical micrograph x 600 
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€ 
Fig. 4—Typical large precipitate extracted from nitrided 
and furnace-cooled O.H. steel by the alcohol- 
iodine method. Electron micrograph x 7000 


dicated that this layer was eutectoidal (a + y’). A 
greater relative intensity of the a-iron diffraction lines 
would be expected from the eutectoidal composition 
(70% a-iron and 30°% y’-Fe,N) according to the equili- 
brium diagram given by Jack.!® 

The ‘ roots’ of the eutectoidal layer extended into 
the matrix along grain boundaries, whilst beneath 
this layer was a region extending for about 0-8 mm 
which contained two types of precipitate (Figs. 1b 
and 3), namely, a large type up to about 25y in length, 
and a small type up to about 3y in length. The 
large precipitate particles were fairly straight and 
very narrow, and at high magnification the ends were 
often seen to be curved. Progressive etching of the 
polished metal surface showed these precipitates to 
be large plates. In individual grains, the small 
precipitates usually lay along three directions giving 
Widmanstiatten microstructures similar to those 
reported by Dijkstra,4 and Hopkins and Tipler.® 


Large-type Precipitate 
A bulk extraction method was first used to isolate 





Fig. 5—Characteristic transmission electron diffraction 
pattern from an extracted large precipitate similar 
to that shown in Fig. 4 
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Table III 
X-RAY DIFFRACTION RESULTS 
Nitrided N.P.L. Pure Iron Crystallographic Data | 
O.H. Steel Block ee : — 
Nitrided and Furnace-cooled | | ee | 
| Furnace-cooled es is ony y’-FeyN a-Fe 
| j 
| 3-14* W | | 
| 2:9 W | 
2.83 VW 
2.68 W 2:66 MW 2-678 VW | 
2-61 MS 
2.56 VW | | 
| 2-52 MW | 2.53 M 
| 2.478* MW | 
2-411 W | 
2.384 W | | 
2.35 W 
2-191 VS 2.191 VS | 2-189 S 2-185 M | 2-186 VS 
| 2-148 VW | | 
| | 2-116 MW | 2-111* M 
2-106 W | | | 
2-088 W | 
2-066 W | 2-071 MW | 
2-031 W | 2-027 MW | | 
| 2-025 VS 2-024 VS | 2.02 VS | 
2-009 W | | | | 
1.974 W 1-986 VW | 
| 1.951 W | 
1.898 S | 1-899 S | 1-898 MS 1.904 W 1.894 S 
1-872 W | 
1-852 W | 
1-843 MS | 
1-813 W 
| 1-672 MW 
| 1-617* VVW 1-615* VW 
1-601 W | 
1.572 VW 1.574* VW | 
| 1-541 VW | 
1.506 W 
| 1-483 VW 1-482 MW 
| 1-465* VW | 
1.432 MW 1.431 W 1-431 W 
1.343 MW 1.342 MS 1.342 M 1-342 W | 1-339 S 
| 1.314 W 
1-306 W | 
1.240 VW | | 
1.185* VW | 1-181* VW 
| 1-170 M | 1-170 S | 1-170 M 
| 1.168 MW | | 
| | | 1-149 Vw 
| 1-145 M 1-145 M | 1.142 VS 
| 1.096 MW | 1.096 W 
| 1-066 MW 1-059* VVW 
| 1-014 VW | 1-014 MW | 1-014 W 
| 








All spacings are in A 


* Lines characteristic of a”-Fe,,N, Other a” lines at 2-019, 1-428, and 1-013 A may be masked by a-Fe lines. 
Abbreviations: VS—very strong; S—strong; MS—medium strong; M—medium; MW—medium weak; W—weak; VW—very weak and VVW— 


very very w 


'y . 
Material isolated by extraction replicas except for the first column, for which alcohol-iodine bulk extraction was used. 


the precipitates from the nitrided O.H. block sample. 
After the removal of the two outer nitride layers from 
all the faces, the block was subjected to alcohol—iodine 
treatment, after which both the residue, which was 
ferromagnetic, and the black powdery substance 
adhering to the block were examined by X-rays 
and electron microscopy. 

The X-ray diffraction pattern of the residue from 
the alcohol-iodine solution showed several strong 
lines, the lattice spacings of which were in good agree- 
ment with those of y’-Fe,N. The spacings of eight 
other weak lines were found to correspond with the 
spacings calculated from the cementite (Fe,C) cell 
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dimensions given by Hume-Rothery, Raynor, and 
Little1® Details of the identification are given in 
Table III, col. 1. The X-ray diffraction pattern from 
the black powdery material adhering to the block 
after alcohol-iodine treatment was found to corres- 
pond to a-iron and y’-Fe,N, the pattern of the former 
being the more intense. 

Electron microscope studies showed that these 
residues contained an appreciable quantity of large 
thin plates (Fig. 4), which gave electron diffraction 
patterns characteristic of y’-Fe,N. There was no 
evidence for the presence of the small type of precipi- 
tate, nor were any diffraction patterns obtained 
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Table IV 
ELECTRON DIFFRACTION RESULTS 
Nitrided N.P.L. Pure Iron Data Given by Jack’® for a’-Fe,,N; 

Block Nitrided and ens. “aki Crs shal “sama 
oc r an Intensi 
Furnace-cooled Furnace-cooled =" Plane Spacing*) zd a 

| Calculated | Observed 
| | 
101 | 4-228/; 2 
4.02 W (4-08) 110 | 4-038 <i 
| | 002 | 3-146, <1 
| 2-84 W | 2.84 W 200 2-856) <1 es 
| 2-48 W 112 | 2-482| 2 VVW 
| (2-39 2-34 W 211 | 2-366 2 VVW 
2-11 W 2-12 M 2-12 MW | 2.11 MW 202 | 2-114 = 131 bi 
2-02 S 2-02 M 2-02 S | 2.02 MS 220 «2-019 | 75 80 
(1-97) 103 | 1-969 9 vw 
1-81 W 1-82 W | 1-82 W | 301 | 1-822) <1 
| 310 | 1-806; <1 
1-71 W (1-70) 1-70 W { 222 | 1-699| <1 . 
(1-63) 213 | 1-621 11 8 
1.58 W | 1.57 W 004 | 1-573 hig 15 
312 | 1-570, <1 
| 1.53 W 321 | 1-536] <1 
| (1-48) 114 | 1.466 | 4 a 
1-43 MS 1-43 W 1-43 MS 1-43 M 400 | 1-428 36 33 
303 | 1-409 4 Ke 
204 | 1-378 3 
| 1-35 W (1-34) 411 | 1-353) <1 | 
330 | 1-346 | <1 
| 1-31 VW 402 | 1-300! <1 
420 | 1-277| <1 ie 
1-26 MW | 1-26 W 1-26 VW 323 | 1-264; 8 5 
1-24 MW | (1-23) 1-24 VW 224 | 1.241 | 37} 37 | 39 
332 | 1-238 | <1 | 
| | mm tte) 8 | ok 
| 314 | 1.186 | 713 113 
1.18 MW 1-18 M 1-18 M 1:18 S 422 | 1-183 | 106 | 
1-16 W | 413 1-156 | = 8 i 
1-13 W | 215 | 1-129) 6 vw 
1-12 W | 431 |1-124| <1 se 
| | 501 | 1-124] <1 
| | 510 | 1-120] <1 Ae 
1-05 W 1-05 W 404 | 1-057| 51 
| | | 512 | 1.055 } }53 56 
| | | 305 1-050) 4° | 
| | | 006 | 1-049 5 
| | 521 | 1-046 | <1 
| | | 334 | 1-023) 5 ee 
| | 116 | 1-015 | 23) gg 80 
1-01 MW |; 1-01 MW | 1.01 W | 440 | 1-010 65 
| 433 | 1-003 | 17) 4, 
| | 503 | 9 
| | 424 | 0.991 17 ~ 
325 | 0-985 17 
| | 206 | 0-984 | 61 p78 Taw 
| 











All spacings in A 


° 


* Spacings calculated from the unit cell dimensions given by Jack, taking a = 5-711 A, c = 6:291 A. 


Material isolated by extraction replicas. 
the remaining columns with the replica at about 45° to the beam. 


The diffraction pattern corresponding to the first column with the replica normal to the electron beam, 


The spacings shown in brackets in the third and fourth columns are from additional lines observed in other diffraction patterns obtained from 


similar extraction replicas. 


corresponding to a’’-Fe,,N,. This may have been 
due to loss either by dissolution during extraction or 
during the recovery of the residues. 

The electron diffraction pattern from the extracted 
large precipitate (Fig. 5) was of an unusual type, most 
of the ‘spots’ being drawn out into intersecting 
lines. The spacings of the ‘ spots’ showed that the 
y'-Fe,N plates formed with the (112) lattice plane 
in the plane of the plate, as was found by Mehl, 
Barrett, and Jerabek! from studies of the growth of 
large crystals of y'-Fe,N in pure iron. The presence 
of lines in place of spots in the electron diffraction 
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pattern was probably due to irregularities in, or 
distortion of, the y’-Fe,N lattice. 

Nital extraction replicas from the above block 
specimen contained both types of precipitate (Fig. 
6). The large precipitates, which were in the form 
of irregular plates, gave electron diffraction patterns 
similar to those obtained from the residue isolated 
by alcohol-iodine treatment (y’-Fe,N). Further evi- 
dence for identification of the large precipitates 
occurring in this block specimen was afforded by 
X-ray diffraction experiments using rolled-up extrac- 
tion replicas. A pattern obtained in this manner 
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is analysed in Table ILI, col. 2. Of the 23 lines 
measured, five of the strongest were characteristic of 
y'-Fe,N, and 13 of the remainder were also present in 
diffraction patterns from extraction replicas of the O.H. 
steel before nitriding, and were due to cementite and 
non-metallic inclusions. Although the small type of 
precipitate was observed in the extraction replica, 
there was apparently insufficient present to contribute 
to the recorded diffraction pattern. 

Studies were also made of the large precipitates 
occurring in nitrided and furnace-cooled N.P.L. 
pure iron (details of the treatment are given below), 
and in nitrided medium carbon (0-22%C) steel. 
These precipitates resembled those found in nitrided 
O.H. steel, and gave similar electron diffraction 
patterns. X-ray diffraction studies in both instances 
showed y’-Fe,N to be a major included constituent. 


Small-type Precipitate 

The investigation of the nitrided O.H. block showed 
that, in the bulk extraction method used, the small 
precipitates were not present in the residue, whilst, 
with extraction replicas, electron diffraction patterns 
from the precipitates were obtained, but insufficient 
material was present to allow identification by X-ray 
diffraction. 

Owing to the close similarity of the crystal lattices 
of a-Fe and a”’-Fe,,N,, lines of spacing identical to 
most of the lines in the a-Fe pattern occur in the 
a’’-Fe,,N, pattern, but the small amount of tetra- 
gonality of a’’-Fe,,N, gives rise to several additional 
lines which come in the main from some of the 
(hkl) planes with 140. If the precipitates are 
thin plates with the plane of the plates parallel to the 
(001) lattice planes, as postulated by Jack,® the X-ray 
pattern from a large number of such plates, orien- 
tated at random, will consist of rings but may 
differ from the normal pattern in so far as the reflec- 
tions from those planes for which ‘/’ is large compared 
with ‘h’ and ‘k’ will be reduced in intensity. 
Thus, those reflections which would allow an unam- 
biguous distinction to be made between a-Fe and 
a’’-Fe,,N, are the ones likely to be reduced in inten- 





Fig. 6—Large and small precipitates in an extraction 
replica from nitrided and furnace-cooled O.H. steel. 
Electron micrograph x 2000 
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Fig. 7—-Large and small precipitates in nitrided and 
furnace-cooled N.P.L. pure iron. Optical micro- 
graph 750 


sity, or to be absent from the patterns. On the other 
hand, electron diffraction patterns of normal intensity 
would be obtained from plates orientated at random, 
provided they are thicker than about 50 A (i.e. many 
times the wavelength of the electrons). 

Examination of extraction replicas from the 
nitrided O.H. slab showed the small precipitates to 
be thin plates (Fig. 6). The precipitates orientated 
with the plane of the plate approximately parallel 
to the replica film were estimated (from the extent 
of electron penetration) to be of the order of 0-Olu 
thick, whilst those orientated approximately per- 
pendicular to the film were 0-1-1-0u thick. This 
difference was thought to be due to the layer-like 
nature of the plates, resulting in the extraction of 
very thin layers of those precipitates which lay with 
the plane of the plate approximately parallel to the 
section surface. Shadow-cast replicas, similar to 
that shown in Fig. 13, confirmed the layer-like 
structure. 

Because of the difference in size, especially thick- 
ness, of the extracted precipitates, satisfactory elec- 
tron diffraction patterns were obtained only from those 
precipitates orientated with the planes of the plates 
approximately parallel to the replica film. ‘These 
electron diffraction patterns consisted in general of 
five rings, whose spacings (Table IV, col. 1) were 
in good agreement with those given by Jack® for the 
(202), (220), (400), (422), and (440) reflections of 
a’’-Fe,,N,. Further electron diffraction lines char- 
acteristic of a’’-Fe,,N, were obtained from similar 
precipitates but with the replica tilted at about 45° 
to the electron beam (Table IV, col. 2). This evi- 
dence suggested that the precipitates were a’’-Fe,,No. 
In the patterns recorded with the precipitates 
approximately perpendicular to the electron beam, the 
stronger lines were from (hk0) reflections, whilst 
the remaining lines, namely those from (202) and (422) 
reflections, were considerably reduced in intensity 
compared with the values given by Jack (Table IV) 
for a’’-Fe,,N,, indicating that the precipitates had 
formed with the plane of the plates parallel to the 
(001) lattice planes of a’’-Fe,,No. 
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and all but five could be accounted for by data for 
a-iron, y’-Fe,N, and a’’-Fe,,N,. Six of the observed 
X-ray reflections were characteristic of the a’’-phase 
alone, and, since it had already been established that } 
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Fig. 8—Small precipitates in an extraction replica from 
the specimen of Fig. 7. Electron micrograph 
x 4000 


ee 


In order to make the identification more positive, 
specimens were then prepared containing larger 
amounts of the smaller type of precipitate. Four 
blocks of N.P.L. iron were nitrided in the same man- 
ner as previous specimens, but for the longer duration 
of 20 h. One of the blocks was furnace-cooled over 
a period of about 1} h in an atmosphere of nitrogen, 
and the other three were quenched in iced water. 

A section of the furnace-cooled block (Fig. 7) 
showed a region containing both large and small 
precipitates beneath two outer layers of the nitride 
case. The large precipitates were similar to those 
previously observed, but the small-type precipitate 
was larger (up to 6u in length), more abundant, and 
exhibited a well-defined Widmanstatten micro- 
structure. Figure 7 shows the maximum number of 
three different planes of precipitation observed for 
the small plates in any one grain, supporting the 
orientation relation proposed by Jack® that the 
normal to the plane of a plate is orientated along a 
principal axis of the body-centred cubic matrix. 
This figure also shows the larger plates to have grown 
according to a different system of orientation. 

Extraction replicas indicated that the small precipi- 
tates were plates (Fig. 8). Electron diffraction 
patterns obtained in the normal manner from these 
precipitates (Fig. 9a) were similar to, but more pro- 
nounced than, those from the nitrided O.H. steel. 
The effect of scanning a replica during exposure, 
and of scanning a replica inclined at about 45° to 
the electron beam during exposure, is shown in Figs. 
9b and 9c respectively. Table IV, col. 3, gives the 
analysis of a diffraction pattern, similar to that 
of Fig. 9c, in which the 14 measured lines were all 
in good agreement with spacings given by Jack for 
a’’-Fe,,N,. Four additional lines characteristic of a’’, 
observed in other patterns obtained in a similar 
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(a) Normal manner of recording 


manner, are shown in parenthesis in the same column. (b) Replica scanned during exposure : ‘ales 
\ . a . ° ica tilted at about 45° t »tron beam and scanned during 
Further evidence of identity was obtained from (¢) aa AERO N Yaee cane neep Drone ' 8 


X-ray diffraction patterns using rolled-up extraction : - 

ay Ey eS oe Fig. 9—Typical transmission electron diffraction 
replicas as specimens. In the diffraction pattern patterns from small precipitates present in the 
analysed in Table ITI, col. 3, 19 lines were observed, extraction replica shown in Fig. 8 
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Fig. 10—Small precipitates in N.P.L. pure iron after 
nitriding, quenching, and tempering for nine days. 
Optical micrograph x 1000 


the larger precipitate was y’-Fe,N, these findings 
constituted direct evidence that the small precipitate 
was the a’’-Fe,,N, phase. It was noticed that some 
of the spacings of this latter phase coincided with some 
of the spacings of cementite, Fe,C, but the presence 
of any appreciable quantity of this in the N.P.L. iron 
could be discounted (C = 0-006 wt-°%). Furthermore, 
the reflections characteristic of a’’-Fe,,.N, did not 
occur in the diffraction pattern of material extracted 
from the original N.P.L. iron. 

One of the nitrided and quenched blocks, after 
tempering at 170° C for nine days, contained numer- 
ous precipitates of the small type (Fig. 10) in a region 
below the outer nitride layers, whilst, in another block, 
tempered at the same temperature for 16 days, 
plates of the larger type appeared to have grown 
at the expense of the smaller (Fig. 11). The small- 
type precipitate was again larger (up to 6) than in 
the nitrided O.H. steel, but rather irregular. The 
Widmanstiatten patterns were less well defined, one 
direction often predominating in a grain. 
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Fig. 12—Small precipitates in extraction replica from 
specimen of Fig. 10. Electron micrograph 4000 


Extraction replicas (Fig. 12) showed the precipi- 
tates to consist of irregular plates. Electron diffrac- 
tion patterns obtained in the normal manner were 
similar to those obtained from the small-type precipi- 
tate from the furnace-cooled block of the same mater- 
ial, but showed, in general, more pronounced orienta- 
tion. Often regular spot patterns were observed, 
indicating that the plates were crystallographically 
very well formed. The analysis of an electron 
diffraction pattern obtained from a tilted replica 
is given in Table LV, col. 4, all 17 lines being in good 
agreement with a’’-Fe,,N, lines. Three additional 
lines characteristic of a’’, observed in other patterns 
obtained in a similar manner, are included in paren- 
thesis in that column. 

An X-ray diffraction pattern from rolled-up extrac- 
tion replicas comprised 19 lines (Table III, col. 4), 13 
of which could be accounted for by the data for a-iron, 
y’-Fe,N, and a”-Fe,,N,, the reflections from the latter 
phase being relatively more intense than those for the 
furnace-cooled block. This would be expected from 
the predominance of the small type of precipitate 
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Fig. 11—Large precipitate and small precipitates in Fig 13—Small precipitates in untreated O.H. steel. 


specimen of Fig. 10, but after tempering for 16 
days. Optical micrograph x 1000 
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Pre-shadowed Formvar replica (note the layer-like 
structure). Electron micrograph x 10,000 
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Fig. 14—Transmission electron diffraction pattern from 
large precipitate and numerous sub-microscopic 
particles present in an extraction replica from 
nitrided O.H. steel 


observed optically in the quenched and tempered 
block. Four of the six unidentified lines were 
present in the diffraction pattern from an extraction 
replica of the N.P.L. iron in the as-received condition. 


Precipitates Found in O.H. Steels 

The two types of precipitate were sometimes ob- 
served in O.H. steel slabs. Unlike the nitrided blocks, 
the precipitates were present in scattered colonies 
near the edges of the slabs, but no distinct layers 
were observed. Both types of precipitate were less 
numerous and, for the most part, smaller than their 
counterparts in the nitrided block samples. Electron 
micrographs (Fig. 13) of pre-shadowed replicas of the 
small precipitate afforded evidence of their layer-like 
nature, discussed above. 

There was insufficient of the precipitates in the 
specimens available to allow identification by X-rays, 
but both types of precipitate were present in extrac- 
tion replicas and were suitable for electron microscope 
and electron diffraction studies. The electron diffrac- 
tion patterns from both the large and small precipi- 
tates were similar to those obtained from the corres- 
ponding precipitates in the nitrided blocks. Although 
the patterns from the small precipitates were of 
poorer quality than those previously obtained, never- 
theless sufficient detail was present to show that they 
were characteristic of a’’-Fe,,No. 


Sub-microscopic Particles Present in Steel 


Numerous sub-microscopic particles were observed 
in the extraction replicas from both the normal and 
the nitrided O.H. steel blocks, but such particles 
were much less evident in the extraction replicas from 
the N.P.L. pure iron. They were mainly spheroidal, 
ranging in size up to 0-ly in diameter, and often 
gave rise to continuous-ring electron diffraction 
patterns. Figure 14, which shows this type of pattern 
in addition to the characteristic y’-Fe,N pattern, 
was obtained from a region of an extraction replica 
containing a large-type precipitate together with 
many of these small particles. The pattern was in 
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good agreement, both in spacings and intensities, 
with the type of electron diffraction pattern obtained 
from the globular form of cementite present in pearlite. 


DISCUSSION 
The Large Precipitate y’-Fe,N 

The diffraction data obtained for the large precipi- 
tate agree well with the published data for y’-Fe,N. 
The electron diffraction patterns from these precipi- 
tates establish that this phase grows with the {112} 
planes parallel to the surface of the plate, and thus 
constitute direct experimental evidence of the orienta- 
tion relation put forward by Mehl, Barrett, and 
Jerabek,! namely (112) y’ parallel to (210) a, with 
[110] y’ parallel to [001] a. X-ray diffraction results 
indicate that there is no marked difference in lattice 
parameter values of the y’-phase, whether it be formed 
in mild steel (0-075% C) or pure iron. This would 
suggest that pure nitride is formed in each case, 
though the extent to which y’-Fe,N will withstand 
substitution of nitrogen by carbon before the y’-Fe,N 
crystal structure changes to another structure is 
still uncertain. However, the work of Jack!’ on 
e-carbonitrides (hexagonal) shows that, if the (C + N) 
content is constant at 33 at-°%, the lattice parameters 
‘a’ and ‘c’ decrease respectively by 0-1% and 
0-2°% when one nitrogen atom in five is replaced by 
a carbon atom. If similar dimensional changes 
accompany the substitution of nitrogen by carbon 
in the y’-structure, only the most accurate lattice 
parameter measurements would enable the extent 
of substitution to be estimated from diffraction 
patterns. 

The Small Precipitate a’-Fe,,N, 

Although the close structural relationship between 
the a”’-Fe,,N, and a-Fe phases renders their distinc- 
tion difficult, in the present work considerable experi- 
mental evidence has established the identity of the 
small precipitate as a’’-Fe,gN., the lattice spacings 
obtained being in good agreement with those calcu- 
lated from the cell constants obtained by Jack for a 
2-2wt-% N powder of the a’’-phase. There is 
little information available relating to the effect 
of the substitution of nitrogen by carbon atoms on the 
a’’ lattice parameters, but the present investigations 
have not revealed any difference in the unit-cell 
dimensions of the precipitates formed in pure iron 
and mild steel. But here again, the substitution of 
nitrogen by carbon atoms in the a’’-phase may result 
in very small dimensional changes of the lattice. 

From consideration of the coherency of the crystal 
lattices of the a’’-phase and the a-Fe matrix, Jack 
suggests that (a) the precipitates form with the (200) 
and (020) planes parallel to {100} planes of the matrix 
(spacings 2-86 and 2-87 A respectively) and (b) 
owing to the misfit of the (002) plane with the {100} 
matrix planes (3-15 and 2-87 A respectively), the 
precipitates assume the form of thin plates with the 
(001) a’’-planes parallel to the plane of the plates. 
The electron diffraction studies have shown con- 
clusively that the plane of the plate in the a’’-precipi- 
tates is parallel to the (001) a”’-plane, thus con- 
stituting direct experimental evidence of (6), and 
hence lending support to (a). 
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Morphology and Mode of Formation of Precipitates 


The plate-like form of both types of precipitate is 
clearly shown in the extraction replicas. The y’- 
phase particles are irregular plates which are of the 
same order of size (up to 25u) in both pure iron and 
O.H. steel, nitrided and furnace-cooled under the 
same conditions. The a’’-phase particles are much 
smaller plates, and their growth appears to be inhi- 
bited by the presence of carbon (and perhaps other 
elements) in the mild steel, where they attain a maxi- 
mum size of about 3u, compared with about 6y in 
pure iron. 

The a’-Fe,,N, phase produced in furnace-cooled 
specimens is precipitated to form a conspicuous 
Widmanstitten microstructure, the plates being 
orientated in a maximum of three directions within 
any one grain. On the other hand, the Widman- 
staétten microstructure is not so well developed in 
those specimens which were quenched to form nitro- 
gen martensite and annealed at low temperatures, 
the a’’-Fe,,N, precipitates often appearing to lie 
mainly in one direction in any given area within 
one grain. This preference for one of the three pos- 
sible planes of precipitation might be due to aniso- 


tropic strains set up in the matrix as a result of 


quenching. Furthermore, in these specimens neigh- 
bouring precipitates are sometimes arranged in 
echelons, and it is perhaps significant that the direc- 
tion of the echelon is frequently parallel to a direction 
in which y’-Fe,N plates are observed to lie in that 
grain. There are therefore some grounds for suggest- 
ing that these echelons may be sites on which y’-Fe,N 
is formed. 

The clear region devoid of a’’-phase, which is ob- 
served around well-developed large plates of the 
y’-phase in the optical micrographs, confirms the 
observations of Josefsson and Kula,’ and Hopkins 
and Tipler® that the a’’-particles dissolve, i.e. nitro- 
gen diffuses out of them, as y’-plates grow. In the 


extraction replicas, a’’-particles below the range of 


the optical microscope are often observed in these 
clear regions (Fig. 15), and may consist of partially 





Fig. 15—Extraction replica from nitrided and furnace- 
cooled N.P.L. pure iron. (Note very small precipi- 
tates in the ‘ void’ region surrounding the large 
precipitate). Electron micrograph x 2000 
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dissolved particles whose nitrogen is being trans- 
ferred to the large y’-plate. 

In general, the present microscopical observations 
support the previously suggested orientation relation- 
ships of the a”’- and y’-phases to the parent matrix; 
the matrix precipitation planes for the y’-phase 
are certainly different from, and of higher multi- 
plicity than, those for the a’-phase. Although the 
habit planes of the two types of precipitate have been 
established, it has not been possible to determine 
directly the crystallographic orientation of the precipi- 
tates with respect to the matrix. 

The plate-like shape of both precipitates suggests 
that their mode of precipitation might be analogous 
to that occurring in the early stages of the precipita- 
tion of carbides in a-iron. Internal friction and 
electrical conductivity measurements have led Pitsch!® 
to conclude that the carbide particles exist as plates 
during the early stages of precipitation, but that 
spheroidization subsequently occurs. The present 
investigations do not, however, afford any evidence 
that this latter step occurs for nitride precipitates. 
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Annual General Meeting, 1957 


The E1cHty-EIGHTH ANNUAL GENERAL MEETING of THE IRON AND STEEL INSTITUTE 
was held on Wednesday and Thursday, 22nd and 23rd May, 1957, at the Offices of the 


Institute, 4 Grosvenor Gardens, London, S.W.1. 


Dr. H. H. Burton, c.8.£., the Retiring 


President, was in the Chair at the beginning of the Meeting, his place being taken later 
by Mr. A. H. INcen-Hovusz, the new President. 

Discussions at some of the technical sessions are given below; further discussions 
will be published in subsequent issues of the Journal. 


DISCUSSION 


This discussion, was based on the paper by Monsieur 
Daniel Petit entitled * A Century of Cowper Stoves,” 
which appeared in the April, 1957 issue of the Journal 
(vol. 185, pp. 501-509). 

Monsieur Daniel Petit (President of the Société de 
Technique Industrielle, Paris) in presenting the paper, 
said: An English friend confessed that before reading my 
paper he scarcely knew anything about Edward Alfred 
Cowper, and that he had learned a good deal from the 
historical part of the paper. I think that this is because 
the inventor’s name is not applied to the stoves in the 
U.K. and the U.S.A., while in Germany the name given 
is ‘ Winderhitzer.’ It is only in France, and perhaps 
some other countries, that we use the term ‘ Cowpers.’ 
I suppose that in the beginning they were called every- 
where ‘Cowper stoves,’ but in the U.K. the word 
‘ Cowper ’ was dropped, while in France we dropped the 
word ‘ stoves.’ 

My paper published in the Journal in 1948 included 
curves showing how to determine the calorific capacity of 
stoves. I must emphasize the importance of the auto- 
matic control of valves and burners which I believe are 
not sufficiently developed either in the U.S.A. or the 
U.K. 

In Europe, burners are very often built on a patented 
oval plate as in Fig. A, which shows how easily materials 
may be taken into the combustion chamber for construc- 
tion or repair work. 

Dr. T. P. Colclough, o.8.£. (British Iron and Steel 
Federation): The author describes the Cowper stove as 
‘this well behaved child of ironmaking ”’ and suggests 
that until now it has received too little attention from 
engineers. This statement may require some modifica- 
tion. In fact, the principles of the stove are so funda- 
mentally sound, and the engineers have developed the 
design and construction so well, that it is today a piece of 
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equipment which operates at high efficiency and gives a 
longer life than almost any other item of blast-furnace 
plant. That does not mean that further improvements 
and refinements are not demanded or possible. 

The author will agree that during the last 30 years, the 
period of his own active participation, vast changes have 
been made in the design, construction, and efficiency of 
the stove. These changes are based primarily on the new 
operating conditions made possible by the use of clean 
gas, and on the demand for both higher blast temperatures 
and higher efficiencies. The methods by which the 
revolution has been made are on record and will no 
doubt be described in the book which is foreshadowed. 

What is the position today? As stated in the paper, the 
modern stove for large furnaces, in both the U.K. and 
continental countries, is about 8 m (26 ft) in dia. and 
30-33 m (100-110 ft) high, with heating surface in the 
checkers of about 200,000 ft? per stove. Three of these 
stoves operating in sequence are adequate to provide, 
with a thermal efficiency of 90%, the blast at about 
800°C or over required for a large blast-furnace of 
27-29 ft hearth diameter, producing up to 1400 tons of 
iron per day on a coke consumption of, say, 17 cwt/ton. 
This performance, of course, is dependent upon a burden 
of suitable iron content. 

While there may be marked differences of opinion on 
details of construction, which have been dealt with by the 
author and discussed, the broad principles are agreed 
and established. There is no need to comment on the 
contrast between this performance and the change in 
working conditions compared with those of 40 years ago, 
when the provision of the blast for furnaces producing 
300 tons of iron per week with blast temperatures of 
500° F (275° C) required up to five stoves per furnace. 

The author suggests that blast temperatures of 
900-1000° C or higher may be required in future, but 
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DISCUSSION ON COWPER STOVES 


these are already present requirements, and considera- 
tion should be given urgently to the problems involved 
to determine whether such temperatures are practical 
and whether Cowper stoves offer the best way to meet 
the requirement. The problem is twofold: (a) the genera- 
tion and storing of the necessary quantity of heat and 
the attainment of the desired temperature, and (b) the 
transfer of this heat at the temperature to the ingoing 
blast. 

As the author states, the temperature of the dome and 
combustion chamber must be raised to some 1500° C. 
With the higher efficiency in the blast-furnace and the 
reduction of the coke rate, there is a definite fall in the 
calorific value of the blast-furnace gas. It will be 
accepted that, when operating on high blast heats and a 
high proportion of sinter in the burden, the blast-furnace 
gas will not be rich enough to generate the suggested 
temperatures in the stoves. This position may be met by 
enriching the gas or preheating the combustion air. 

With regard to the transfer of heat from waste gas to 
brickwork and from bricks to air blast, there will un- 
doubtedly be a tendency for the temperature of the 
chimney gases to rise, with consequent loss of efficiency. 
As indicated by Monsieur Petit, this can be counteracted 
by a shorter reversal period and the installation of metal 
recuperators between the base of the checkers and the 
chimney valve, or the shorter reversal period alone. The 
heat so recovered can be utilized for preheating either 
the air blast or the combustion air. 

These developments to provide higher blast heat will 
involve many problems of refractory quality, insulation, 
suitable valves, temperature controls, and automatic re- 
versal gear. The problems can and will be solved. It is 
the purpose of this discussion to indicate possible 
solutions or the direction in which progress may be made. 


It could be regarded as ironical if the practical solution of 


the problem lay in the incorporation of the tubular metal 
heat-exchanger, which the Cowper stove has so completely 
and successfully replaced for so many years. 

Mr. A. Drijver (Royal Netherlands Blast Furnaces and 
Steel Works Ltd.): I should like to make a few remarks 
on our experience at IJmuiden and on the opinion 
expressed in the paper that the Cowpers used in the 
U.S.A. differ from those used in European practice. We 
fully agree with the author about this difference. The 
question is often asked, what is the reason for the 
difference in the design of the Cowpers and for the 
difference in practice which exists. It may be that in the 
U.S., where fuel is relatively much cheaper compared 
with the price in Europe, not so much emphasis is placed 
on the high efficiency of the Cowpers, taking into account 
the higher capital cost of the more efficient Cowper 
stove and the fact that its life will be affected by the 
higher temperatures which must be reached to give the 
higher efficiency. Maintenance costs will increase with 
higher temperatures. I believe that U.S. practice ‘is 
justifiable and in those circumstances the lower-tempera- 
ture Cowper may be the best. 

Recently, I visited the U.S. and found an increasing 
interest there in higher temperatures for Cowper 
stoves. It seems that U.S. engineers are trying to get 
as much production from their blast-furnaces as we do in 
Europe, because the cost of building new furnaces has 
also greatly increased in the U.S., and everyone is trying 
to make as much pig iron as possible with the existing 
equipment. Moreover, some works are trying to drive 
their furnaces with humidified blast, and that also calls 
for a much higher blast temperature, which is another 
reason for their interest in a higher blast temperature for 
the blast-furnace. 

For the 28-ft blast furnace being built at IJmuiden we 
are building fairly big Cowper stoves, as much as 10% 
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Fig. A—Oval plate at base of burner to facilitate entrance 


bigger than the largest which the author mentions. A 
particular feature of these Cowpers is that the furnace is 
being built for high top pressure, and the blower can 
give a pressure of 50 lb/in?, so that the whole Cowper 
may be under that pressure, and therefore it is necessary 
to have a bottom which is strong enough to keep its 
flat form. Monsieur Petit states that it is possible to have 
a concave bottom to the stove. We solved this problem 
by making use of the strength of the concrete slab which 
is under the Cowper. The bottom of the Cowper was 
anchored by 48 heavy bolts through the reinforced 
concrete slab. Anchor bolts go through the bottom, and 
with the weight of the checkerwork, which also prevents 
the deformation of the bottom, this arrangement with- 
stands the heavy pressure which will be in the Cowper 
when the blower is at full pressure. 

We found that there is a great deal of interest in the 
U.S. at the moment in the automatic reversal of the 
Cowper. I think the reason why it has not been done 
earlier is that in any case there has been a man on the 
platform of the Cowper who can do this work, so that it 
was not possible to save labour by automatic reversal 
and therefore it did not pay. Now, however, the Cowper 
reversal time has decreased and there is more interest on 
the other side 01 the Atlantic in the automatic reversal of 
the Cowper. 

A third point which I should like to mention is the 
construction of the blocks in the Cowper. The author 
mentions that interlocked or non-interlocked blocks can 
be used. At first we adopted the latter construction, but 
trouble occurred with some of the Cowper stoves when 
the checkerwork twisted spirally round the vertical 
axis because the blocks were not interlocked. We have 
now changed to interlocked blocks which have proved 
very satisfactory. 

Dr. J. H. Chesters (United Steel Companies Ltd.): I do 
not think that there is any refractory problem with 
blast-furnace stoves as operated at present that cannot 
be solved by the use of materials already available. 
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There is, however, one point on which I would like 
author’s comments, namely, the excessive damage 
sometimes observed in ferro-manganese stoves. On 
several occasions we have found that the checker filling 
at the top of such stoves had shrunk away from the 
walls by 1 ft or more, and had subsided vertically by as 
much as 3 or 4 ft. 


Mr. W. Parsons (Stewarts and Lloyds Ltd.): I should 
like to take this opportunity to thank the author for 
his paper. It has been presented at a very opportune 
moment, not only because it is the centenary of the 
Cowper stove but also because we are now pushing for 
increased output over the next five years at least. 
There is no doubt that increased blast temperatures will 
help this, and should enable us to cut coke consumption 
and therefore achieve more production. 

In the U.K., plants using the soft home ores in particular 
have not been able in the past to carry high blast 
temperatures, but with the increase in ore preparation, 
particularly in sintering, it is now found that higher 
temperatures can be carried, and where in the past the 
stove has been adequate, increased blast temperature is 
now necessary. In the early 1930’s at Corby on acid 
burdens of Northamptonshire ores, with 20% sinter, the 
blast temperature was 700-800° F. With more ore 
preparation, a temperature of 1300° F is now used, so 
that stoves which may have been more than adequate 
in the past are still adequate, but in future higher blast 
temperatures will be required from them. 

One of the things we noticed recently when visiting 
plants on the continent, particularly with stoves with 
the author’s design of checker, was that with very high 
dome heats there was a very low flue-gas temperature. 
With dome heats of up to 1300° C the flue temperatures 
were sometimes below 100° C or up to 130° C which is 
still very low considering the high dome heat. That seems 
to be important whether it is the author’s design of checker 
or any other; it must be possible to pack heat into the 
stove without wasting much up the stack. There are many 
plants at work without any control of dome heat; some 
people considered that with a blast-furnace gas of 
95 B.t.u. it was unnecessary. I believe that in the U.K. 
emphasis is on the importance of controlling the dome 
heat, usually to about 1100° C. In many cases in France 
it was noticed that the dome temperature was 1300° C, 
and blast temperatures on the whole were definitely 
higher than the average in the U.K. That varies with the 
ores, but it is becoming universally necessary to cater 
for higher temperatures. Blast temperatures varied 
between 750° C up to 970° C in one case, where not only 
the blast pipes but also the goosenecks and everything 
else were red hot. 

All the new stoves were on automatic control and the 
larger percentage of existing stoves had it already. They 
all gave it a very good name, and it certainly saves time 
in changing stoves particularly as reversal time is 
reduced. It usually averaged 14 min for a complete 
reversal, which is good. Automatic reversal has the 
advantage that everything is in sequence and there is 
no fear of someone opening the wrong valve. 


Professor Dr. Robert Durrer (Switzerland): I have two 
questions, one of which is linguistic and the other his- 
torical. The author said that English metallurgists 
speak of ‘stoves,’ but that in France they speak of 
‘ Cowpers ’ and the Germans speak of ‘ Winderhitzers.’ I 
think that that is correct, but in German-speaking 
countries ‘ Winderhitzer’ is the generic term, and one 
type of Winderhitzer is the Cowper, but there are other 
types. In literature perhaps, the word ‘ Winderhitzer ’ 
prevails, but in the daily language ‘ Cowper ’ is the usual 
term. 
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The other question of interest is the co-operation of 
Cowper with Sir William Siemens. I think that there was 
a very close co-operation between Sir William Siemens 
and Frederick Siemens on the one hand and Cowper on 
the other, and that Cowper’s invention was due to some 
extent to the regenerative system of Siemens, but I am 
not quite sure of this and I should be interested to know 
the answer. 

German-speaking ironmakers are always astonished 
that in this country you speak of the ‘ basic Bessemer ’ 
process where we refer to the * Thomas’ process. In the 
U.K., why has the name ‘Thomas’ been dropped? In 
German metallurgical language we refer in most cases to 
the names of the inventors, e.g. the ‘ Siemens-Martin 
process.’ but in English you refer only to the ‘ open- 
hearth process,’ and the French speak of the ‘ procédé 
Martin.’ 


Mile. Louise Halm (U.F.P.R., Paris): I should like to 
say something about the question of refractories in con- 
nection with the increased temperature of the blast. 
There is no doubt that the ordinary refractory bricks 
which have been used up to now in Cowper stoves will 
not withstand the very high temperatures which will 
be used in the future, and it will probably be necessary to 
use high-grade aluminous refractories or even sillimanite. 
If the top of the checkers is at a very high temperature 
it is not so dangerous, but about 10-30 ft underneath 
the load carried by the checkers will be too great at a 
temperature of, say, 1100—1200° C and there will be a 
danger of creep. That is an important fact which the 
French refractory producers are studying. 


Dr. Colclough: I am glad that the question of creep or 
spiralling of the checkers has been raised. This is not a 
new problem, for exactly the same position arose in the 
early 1930’s. The first evidence came from the U.S.A. 
where more than one catastrophic experience of spiralling 
in stoves was reported, and similar experience was noted 
in the U.K. If air-blast temperatures in excess of 1000° C 
are used it is essential that careful consideration be 
given to the temperature at which the refractory bricks 
are fired. 

As long ago as 1932, I was associated with what was 
then a new specification for stove bricks, in which it was 
stated that the after-contraction at 1400° C must be not 
more than 0-:1%. I am very interested to note that the 
Blast Furnace Refractories Committee of B.I.S.R.A. has 
reintroduced that consideration into their specification 
for blast-furnace bricks. It may mean that the kilns 
which are used for firing stove refractories as well as 
blast-furnace refractories will have to operate at the 
same temperature as the kilns which make silica bricks 
for O.H. furnaces. I should like to draw the attention of 
stove designers and builders to that factor. 


AUTHOR’S REPLY 


Monsieur Petit: I should like to thank Dr. Colclough, 
Mr. Parsons, and the other speakers for the support 
which they have given to me and to my paper. It seems 
that we are all more or less in agreement on the principles. 

To answer Dr. Chesters, I can tell him that in France 
we use a very high temperature on stoves working on 
ferromanganese blast-furnaces. We do not meet any 
difficulties but the gases used are very well cleaned. 
In all our experience, the difference between the checker 
temperatures at the top and the temperature of the 
blast is almost 200° + 20° C. 

This may be very important to determine the highest 
temperature to be reached in the blast. 
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DISCUSSION ON HIGH-TEMPERATURE TENSILE STRENGTH 


This discussion was based on the paper by J. Glen 
entitled “ The Effect of Alloying Elements on the High- 
temperature Tensile Strength of Normalized Low-carbon 
Steel,’ which appeared in the May, 1957, issue of the 
Journal (vol. 186, pp. 21-53). 

Mr. J. Glen (Colvilles Ltd.) after presenting his paper 
said that since the work which it described had been 
finished it had been found that all the various strain- 
age hardening effects which had been noted were also 
evident from a close examination of the creep-test 
curves obtained earlier, so that perhaps 15 years of work 
on creep had not been entirely wasted. 


Mr. A. M. Sage (British Electro-Metallurgical Co.): I 
would like to congratulate Mr. Glen on an excellent 
paper containing much valuable data which has obviously 
been the result of a long experimental programme care- 
fully carried out. The data will be valuable not only 
to those engaged in a study of strain ageing but also 
to many others working in associated fields, and the 
author and the Publications Committee of the Institute 
are to be congratulated for including the full stress/ 
strain curves for most of the alloys studied. 

Mr. Glen does not comment on the effect of certain 
elements and heat-treatment conditions on the yield- 
point drop, especially at room temperature. It appears 
that additions of 3-7% Mn (with no aluminium treat- 
ment), 3-14% W, 1:°44% Ti, and 1-14% V steels 
normalized at 950°C have each removed the upper 
yield point, whereas steels containing smaller amounts 
of these elements show a distinct yield-point drop. I 
would like to suggest that this may be due to the attrac- 
tions of the alloying elements for the nitrogen and carbon 
atoms which are thereby prevented from diffusing to 
dislocations. It is known, for example, that manganese 
forms a carbide, and Fast has shown that manganese 
atoms in the ferrite lattice attract nitrogen atoms with- 
out the formation of discrete nitride phase. Vanadium 
and titanium are known to form carbides and nitrides 
while tungsten forms a carbide and probably a nitride. 

The effect of titanium additions is particularly interest- 
aug. The alloy containing 0-28% Ti when normalized 
at 950° C shows an upper yield point, but when normal- 
ized at 1150° C shows no upper yield point. Further, 
when the titanium content is increased to 1-44% no 
upper yield point is produced when the alloy is normal- 
ized at 950°C. It is possible that in the case of the 
1-44% Ti steel as mentioned above, the interstitial 
carbon and nitrogen atoms have combined with the 
titanium. In the alloy containing 0-28% Ti however, 
there are insufficient titanium atoms to combine with 
all the carbon and nitrogen atoms and an alternative 
explanation has to be sought. It is possible that the 
disappearance of the yield point in this alloy when 
normalized at 1150° C can be explained by an increase 
in grain-size, and it would be interesting if Mr. Glen 
could give the grain-sizes of these alloys in the different 
heat-treatment conditions. The paper would indeed 
be improved if the grain-sizes of all the steels were 
given. 

The comparative data which the author gives for 
some of the alloys, both with and without deoxida- 
tion with aluminium, are interesting. The effects on the 
upper yield point are presumably due to the attraction 
of the aluminium for nitrogen and to the refinement 
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in grain-size which its addition would be expected to 
produce, not to its action as a deoxidizer. Mr. Glen 
does not, however, report any experiments in which the 
effects of aluminium alone have been studied. I recently 
examined the properties of a steel containing 5° Al 
and found that, like the 1-449 Ti alloy mentioned in 
the paper, it exhibited no upper yield point. 

In the course of a B.I.S.R.A. research in which the 
effect of certain elements on the notch ductility of mild 
steels has been studied, it was observed that in a notch 
test a steel appears to transform from brittle (cleavage) 
to tough fracture over a wide temperature range if it 
exhibits a drop in load at the yield point in a tensile 
test at room temperature, but a sharp transition occurs 
over a very narrow temperature range if no drop in 
yield-point load is observed in the tensile test. It would 
be interesting to have Charpy Y-notch transition 
curves for the steels which Mr. Glen has discussed in 
his paper and it would be particularly interesting to 
know whether the curves show an abrupt transition in 
the case of the alloys in which no upper yield point was 
observed at room temperature. 

The theoretical explanation which Mr. Glen puts 
forward for the part played by interstitial and substitu- 
tional atoms in the strain-ageing observed in his alloys 
is ingenious, but rests on several assumptions. The 
validity of his explanations would be greatly increased 
if more data were available on the diffusion rates of 
carbon and nitrogen atoms in ferrite containing sub- 
stitutional elements, and for the diffusion rates of the 
substitutional elements themselves in ferrite. 

I have a minor criticism concerning the terminology 
used in the paper for the steels treated with aluminium. 
While no doubt the aluminium was used to deoxidize 
the steels, its effect on yield-point behaviour and the 
strain-ageing characteristics is due to the formation of 
compounds with other elements and possibly to its effect 
in solid solution in the ferrite. In dealing with the 
theoretical aspects of yield-point behaviour and strain- 
ageing it would be preferable to refer to ‘ aluminium- 
treated steels,’ and avoid such statements as ‘ removal of 
nitrogen by deoxidation.’ 

Dr. A. H. Cottrell (Atomic Energy Research Establish- 
ment): One of the exciting possibilities raised by Mr. 
Glen’s valuable experiments is that of being able to use 
dislocation theory fairly directly in the design of creep- 
resistant alloys, for he has shown that the high-tempera- 
ture strength of his materials is almost certainly due to 
the rapid precipitation during plastic deformation of 
various carbides and nitrides, with alloying elements, in 
dislocations. This conclusion is suggested by several 
of his results and especially by the appearance of ser- 
rated yielding at those temperatures where strengthening 
is observed. 

When these results first began to appear* a few years 
ago, I was interested in their resemblance to effects 
found in aluminium alloys that go by the name of the 
‘ Portevin—Le Chatelier effect.’ It seemed that they 
might be explained by combining Mr. Glen’s ideas about 
precipitation in dislocations with the ideas which we 
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* J. Glen, in ‘“‘ Symposium on Strength and Ductility 
of Metals at Elevated Temperatures,”’ pp. 184-221: 1953, 
Special Tech. PublIn. 128, American Society for Testing 
Materials, Philadelphia, Pa., U.S.A. 
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then had for understanding these aluminium alloys.* 
My view about the hardening peak at 200° C agreed with 
his, i.e. that this was due to the migration of interstitial 
carbon and nitrogen atoms to dislocations while the 
plastic deformation was’ taking place. 

It appeared that the crucial thing which determined 
the temperature range where this happened was the 
mobility of these atoms in the lattice. The atoms 
had to move sufficiently quickly to reach the disloca- 
tions, which meant that the metal must not be too cold, 
but they had not to be so mobile that they offered no 
obstruction to the dislocations when they got there, 
which meant that the metal had not to be too hot. I 
tried, therefore, to correlate the existence of this critical 
hardening range with the existence of a critical range 
of diffusion speeds for these segregating atoms. 

This view was supported by experiments already in 
the literature, which showed that this hardening range 
could be shifted in temperature by altering the rate of 
deformation. In the U.S., Nadai and Manjoine showed 
that the hardening range could be raised to over 400° C 
by speeding up the rate of plastic deformation from 
5 x 10-5 s-! to over 600 s~!. At the other extreme 
there is the work which Professor Edwards reported to 
this Institute some years ago, where he showed that 
the hardening range could be brought down to room 
temperature if the experiment was done sufficiently 
slowly. This involved loading the specimen at the rate of 
only 10 lb/h. 

Calculations based on those results led to the con- 
clusion that the first hardening range began to appear 
on heating when the diffusion coefficient of the strain- 
ageing atoms reached the value 

D = 10~ x strain rate (c.g.s. units). 

At higher temperatures we have manganese, chromium, 
molybdenum, etc., also diffusing to the dislocations. If 
the temperature is too low these atoms cannot move 
fast enough and we do not get strain-age hardening 
from them; if the temperature is too high they move 
so fast that they offer little obstruction to the disloca- 
tions, so that once again we arrive at the idea of a critical 
temperature range where the material is hard. The 
interesting effect in Mr. Glen’s results is that during 
plastic flow these substitutional atoms move much more 
quickly than they do during plain heating. This is 
shown, for example, in the results on the 14% Mo steel, 
where with plain heating 10 h at 650° C is needed to pro- 
duce the maximum hardening, but during plastic strain 
the maximum appears at 500°C. This is an analogous 
effect to that found in aluminium alloys, and the ex- 
planation which I proposed for this is that during plastic 
deformation these alloy atoms move faster because the 
plastic deformation creates vacant atomic sites in the 
metal. 

We now have good evidence from several metals that 
substitutional atoms migrate by the movement of lattice 
vacancies. The more vacancies there are and the more 
mobile they are, the faster the diffusion. If we now 
try to estimate the temperatures at which these alloy 
hardening effects appear, we need to know two things: 
first, the number of vacancies produced by the plastic 
deformation, and second, how quickly these vacancies 
move. 

Measurements have been made on a few metals whith 
give a rough idea of how many vacancies are produced 





* A. H. Cottrell, in ‘‘ Relation of Properties to Micro- 
structure,” pp. 131-162: 1953, American Society for 
Metals, Cleveland, Ohio, U.S.A.; and National Physical 
Laboratory symposium on ‘‘ Creep and Fracture of 
Metals at High Temperatures,” pp. 141-152: 1956, 
H.M. Stationery Office, London. 
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by a given plastic strain. We also need to know how 
fast the vacancies move, and here we unfortunately 
lack the necessary information on iron and so have to 
work by analogy with other metals. The speed of the 
vacancies is determined by their activation energy for 
movement. We know that the activation energy for 
substitutional diffusion in most metals is the sum of the 
energy to form vacancies and the energy to move vacan- 
cies. From experience with other metals, roughly one 
third of the energy belongs to the movement of vacancies 
and two thirds to their formation. If we take that 
and suppose that it applies also to iron we obtain a 
value of about 20,000 cal/mol for moving vacancies in 
iron. 

We can then estimate a diffusion coefficient for these 
alloy atoms at various strains. Taking a plastic strain 
of 0-1 we obtain 


20,000 

RT ' 
By equating this value of D to the empirical one that 
was deduced for the strain-ageing peak, we obtain an 
estimate of the temperature for the beginning of the 
alloy strain-age hardening peak. For manganese and 
chromium in iron the result is 300° C, which compares 
well with Mr. Glen’s experimental observations. 

We have then to consider molybdenum and tungsten, 
where things happen at still higher temperatures. With 
molybdenum, the hardening range begins at 400—450° C, 
and with tungsten at 450-500° C. The point about 
tungsten and molybdenum is that they have very high 
cohesive energies. For example, the latent heat of 
evaporation, in kcal/mol, of tungsten is 203, and that 
of molybdenum is 156; the value for iron is 96-5, so 
that the atoms in tungsten are held together more than 
twice as strongly as they are in iron. 

When we put a vacancy next to an atom we break 
one of the bonds between that atom and its neighbours. 
If the atom has a very high cohesive energy, that bond 
will be one of high energy. In other words, we expect 
that vacancies will tend to avoid atoms such as tungsten 
and molybdenum so as not to break these very strong 
bonds. The creation of vacancies by plastic deformation 
should thus be less effective in increasing the mobility 
of tungsten and molybdenum than it is for materials 
such as manganese and chromium, so that we have to 
go to higher temperatures to produce comparable 
mobilities. 

There are some rough estimates which can be made. 
The energy of the vacancy in iron is about 40,000 cal/mol, 
on the basis of the argument used earlier. If we sup- 
pose that energy to be shared amongst the eight neigh- 
bouring atoms on the vacancy, it corresponds to 5000 cal 
for each bond that we break. If we replace one of those 
neighbouring atoms by, say, a tungsten atom, we double 
the energy of that bond, so that it will go from 5000 to 
10,000 cal. In other words, putting a vacancy next to 
a tungsten atom will raise its energy by 5000 cal/mol, 
which means that in the second formula we have to add 
5000 and write 


D = 10"exp — c.g.s. units) 





20,000 + 5000 
RT 
which brings the tungsten hardening range to the region 
of 450°C. The same calculation can be made for 
molybdenum. The molybdenum bond is about 60% 
stronger than the iron bond, and this means that instead 
of 5000 we have an extra 3000 cal/mol, which brings 
the molybdenum hardening range to just above 400° C. 

Although these calculations are very rough, mainly 
because we lack the experimental data in the vital places, 
they do enable us to account approximately for the 


D = 10-*exp 
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temperatures at which the maximum hardening occurs 
in iron containing the various elements carbon, nitrogen, 
manganese, chromium, molybdenum, and tungsten. 

Dr. K. W. Andrews (United Steel Companies Ltd.): 
Mr. Glen has presented us with a most interesting paper 
which is valuable not only because of its practical aspects, 
but also because of the theoretical questions that are 
raised in the interpretation of the results. 

The comments I wish to make touch upon only a few 
of the many points about which there could be discussion, 
and I do not intend anything I say to be regarded as 
adversely critical. 

In his contribution Mr. Sage has already pointed out 
that the full stress/strain curves presented will prove 
useful in several other connections. I should like to 
mention the possibility of deriving some useful quanti- 
tative or semiquantitative relationships from this kind 
of data expressing, for example: 


(i) The dependence of rate of work-hardening upon 

temperature for a given steel 

(ii) The actual extent of the elastic and plastic ranges 
each as a function of temperature 

(iii) In connection with figures such as 3, 8, and 9, 
showing stress as a function of temperature for 
constant levels of strain, would Mr. Glen consider 
it possible to have such a curve for pure iron and a 
pure iron—carbon alloy as standards of reference ? 
From these the strain-ageing capacity of a given 
steel could be measured by the difference in height 
or area between the base curve and the standard. 
This could only be a very approximate guide, 
but it would give a measure of the relative effects 
of different elements. I do not forget, of course, 
that there are three separate types of effect to be 
considered: (a) peaks due to interstitial carbon or 
nitrogen, (b) peaks due to the substitutional alloy 
elements, (c) the effect of the latter type of element 
on the former type of peak. 


In connection with point (c), the steels are normalized 
and air-cooled, and although the maximum at about 
200° C is almost certainly due to the interstitial carbon or 
nitrogen, for it is the residual amounts that have remained 
in solid solution that count (in the ferrite), yet we do 
not know what proportions of these elements are left in 
solid solution in a given case. It could vary from steel 
to steel or in the same steel according to heat-treatment, 
etc. (Most of the carbon content of the steel is, of 
course, completely fixed as Fe,C.) Mr. Glen’s steels 
contained about 0-1% C and were normalized. Several 
of the alloy elements which he has added, especially 
those regarded as strong carbide formers, will perhaps 
have mostly found their way into the carbide, but some 
will still be left in the ferrite. The amount of carbon 
left in the ferrite can be as low as 0:01% and still be 
adequate to give strain-ageing effects, but small amounts 
of the elements titanium, niobium, etc., in this ferrite 
will reduce its carbon content to considerably below 
001%. In this connection, we found that steels with 
only 0-01-0:015% C contained appreciable amounts of 
TiC, NbC, or ZrC when the respective elements were 
added in amounts up to 0:5%. Hence in the low-carbon 
steels in this paper the strain-ageing effects are due to 
very small amounts of carbon left in the ferrite (probably 
no greater than 0-01%) and are reduced by strong carbide 
formers (to amounts much less than 0-:01°%) even though 
the bulk of the carbon as carbide has already removed 
appreciable amounts of such elements from the ferrite. 
It would, therefore, be interesting to attempt to estimate 
exactly what amounts of carbon and other elements 
are responsible for the effects described in Mr. Glen’s 
paper. It is perhaps also worth recalling that such 
small amounts of carbon can be considerably affected 
by elements present in amounts which are regarded as 
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residual. It may be that workers with commercial 
casts would not always get results consistent with those 
of Mr. Glen if such residual elements find their way into 
their steels. 

On p. 26 of his paper, Mr. Glen discusses the point 
whether the association of carbon or nitrogen atoms with 
dislocations ‘is to be regarded as a precipitate or an 
atmosphere. Perhaps it is not clear where one leaves 
off and another begins except that the formation of 
even a coherent precipitate implies a change of crystal 
lattice, even if it is only temporary and extends over @ 
small region. Its rapid resolution can easily follow if 
it is below the critical size. Have we any knowledge 
on the relative rates of dispersion of such particles and 
of atmospheres (if there is any difference) or are we 
really raising the question ‘ when is a precipitate not a 
precipitate?’ In the circumstances the postulate of a 
dense atmosphere is perhaps more plausible. 

It appears from the literature that in a steel containing 
manganese, there is some concentration of this element 
into the cementite phase. The carbide is still based 
on FeC and much higher manganese contents are 
required before a true manganese carbide is obtained. 
Is Mr. Glen correct in supposing that iron carbide dis- 
solves and a more stable manganese carbide takes its 
place (see p. 31)? The question thus arises whether 
manganese atoms do in fact diffuse into dislocations 
and do they form atmospheres or is it a precipitate of 
Mn,C, (Fe,Mn),C (still cementite basically), or even 
(Fe,Mn),C? Clearly the atmosphere interpretation raises 
the least difficulties, although it is not absolutely 
impossible that the hardening is due to unstable nuclei 
of a carbide much richer in manganese than the carbide 
phase already present in much greater bulk. In any 
case it takes much longer times for alloy carbides to 
form into detectable particles at the temperatures 
concerned here. 

Whatever happens in the lattice, it is postulated that 
the controlling mechanism is the diffusion of manganese 
or of chromium, etc., in the other steels. This is sup- 
ported by evidence from other work. Thus Kuo observed 
precipitation hardening effects which could be explained 
as due to the early stages in the development of special 
carbides on tempering. The times were 1 h, but the 
temperatures were, say, 100-150° C higher than those 
reported by Mr. Glen. In fact one is inclined to wonder 
whether the diffusion is considerably accelerated by the 
effects of the applied stress and plastic deformation. 
Since Dr. Cottrell has dealt with this point much more 
completely than I could have done, I need add no more 
except to say that the relationship between plastic 
strain rate, diffusion, and temperature would be an 
interesting matter to study in connection with steels 
and iron alloys generally. 

Mr. J. M. Cairney (Hadfields Ltd.): This paper must 
be recognized as a valuable contribution to our know- 
ledge of the influence of alloying elements on the high- 
temperature properties of steel. The lack of funda- 
mental data in this field has been noticed in recent 
years by those closely connected with the development 
of high-temperature alloys, and the author has per- 
formed a considerable service in drawing attention to 
those aspects where information is still lacking. 

With regard to the author’s interpretation of his re- 
sults, there are two points which have greatly interested 
me. First, he has suggested that molybdenum, vana- 
dium, and titanium increase the interstitial solubility 
of carbon in steel at 200° C so that, particularly in the 
case of molybdenum, more interstitial solute is available 
for precipitation in dislocations at this temperature. It 
is important, however, to distinguish between the solute 
which is fixed at the sites of the atoms of the alloying 
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element and that which is freely available for precipita- 
tion at the dislocations. Whereas the addition of a 
strong carbide-forming element might be expected to 
increase the proportion of ‘ fixed ’ interstitial solute, it 
seems anomalous to expect it simultaneously to increase 
the amount of unattached solute. Does the available 
information on interstitial solubility to which the author 
refers distinguish between these two conditions? 

My second point concerns the mode of failure of the 
tensile specimens. It has been commonly reported 
that whereas creep failures at low strain-rates and high 
temperatures display intercrystalline fractures, tensile 
tests carried out at high strain-rates at the same tempera- 
ture produce transcrystalline fractures.* 

The author, however, reports evidence of inter- 
crystalline fractures in tensile tests broken at tempera- 
tures above 300° C. In view of this unexpected feature, 
I think it would have been worthwhile to reproduce some 
of the photomicrographic evidence in the paper. 

In accounting for this grain-boundary failure, Mr. 
Glen postulates that precipitation of alloy carbide at 
grain-boundary dislocations increases the rigidity of the 
grain boundaries so that they are required to support 
a greater proportion of the applied stress than they are 
able to sustain. Does he consider that this increase in 
grain-boundary rigidity outweighs the increase in inherent 
strength which might be expected to accompany it? 

In view of Mr. Glen’s suggestion that the atoms of 
the alloying element may require to travel some con- 
siderable distance to reach the grain-boundary disloca- 
tions, might we not expect to observe some microscopic 
evidence of alloy segregation at the grain boundaries 
of fractured specimens? 

Dr. J. Nutting (Cambridge. University): I join with 
previous speakers in congratulating the author on a 
very interesting paper which gives us new information 
about one important aspect of general metallurgical 
interest: the interaction of plastic deformation and 
precipitation. About 10 years ago it was thought that 
strain-ageing occurred as a result of a precipitation pro- 
cess, but the theory was not readily acceptable as there 
was no satisfactory explanation of yielding. Then, 
largely as a result of the work of Dr. Cottrell, it became 
possible to account for the yield phenomenon in iron 
by assuming that dislocations were anchored by carbon 
atmospheres. Now Mr. Glen suggests that dislocations 
can be anchored by precipitates and he shows how the 
precipitation theory of strain-ageing may be developed; 
we are back where we started from 10 years ago. In fact 
it looks as though we should perhaps drop the term 
‘ strain-ageing ’ completely and be more precise in our 
terminology by saying that we have ‘strain-induced 
precipitation hardening ’. 

Mr. Glen has not discussed the sizes of the precipitates 
which he expects to form on the dislocations. From 
some very rough calculations I have made I would expect 
their size to be about 100 A. If this is correct then such 
precipitates should be readily visible with the aid of the 
electron microscope. A further interesting point is that 
if the precipitates which form on the dislocations are 
visible, then we should be able to see the distribution 
of the dislocations. 

To do these experiments would involve deforming a 
specimen in a tensile test at a high temperature to a 
suitable strain and then cooling back to room tempera- 
ture. It might also be interesting to carry out further 
mechanical tests at room temperature on such speci- 
mens to investigate their properties when containing 
finely dispersed precipitates. Has Mr. Glen carried out 





* cf. C. H. M. JENKINS and G. R. MEtior: J. Iron 
Steel Inst., 1935, No. II, pp. 179-227. 
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any experiments of this type, or does he intend doing so? 

I am a little doubtful of the conclusions from experi- 
ments carried out on the vanadium steels at high 
temperatures. Mr. Glen used steels in the normalized 
condition but before he tested them he soaked them for 
4h at temperature. In the case of the vanadium steels 
this will lead to the precipitation of vanadium carbide 
at temperatures of 600°C and above. Does Mr. Glen 
think there is any effect due to precipitation of this alloy 
carbide before the tensile test? 

I look forward to the time when we may obtain direct 
metallographic confirmation of the views which have 
been put forward in this paper. 

Mr. M. A. Wheeler (Rolls-Royce Ltd.): With regard to 
the remarks of the last speaker, Suits and Low7 find 
that new dislocations, shown as etch pits, are only 
observed in a low-carbon ferrite after straining if it is 
subsequently aged at low temperature. By selective 
etching it was found that this occurs because the carbide 
forms an impurity atmosphere and therefore it appears 
that the vacancy moves first and the carbide later 
segregates to it. 


AUTHOR’S REPLY 


Mr. Glen: In reply to Mr. Sage, I would certainly 
agree that the reason why a steel with high alloy con- 
tent does not show a yield point may be due to the attrac- 
tion of the alloying elements for carbon and nitrogen. 
This was the reason given in the paper for the fact that 
alloying elements tend to reduce or even eliminate the 
maximum in stress at 200° C. 

The grain-size of the steel no doubt plays a part in 
determining whether or not an upper yield point is 
observed. Nevertheless, as we have shown in experi- 
ments not yet reported, it is possible to obtain a yield 
point in a steel which has quite a coarse grain-size. 
For example, if the 1-44% Ti steel is strained 10% at a 
temperature of about 250° C or above, and then tested 
at room temperature, a well defined upper and lower 





+ J. C. Surrs and J. R. Low: Acta Met., 1957, vol. 
5, pp. 285-289. 





40 - 














om 
B 
A 

~ a 
+ 
$ 
pA 
iB 
= 
” 
w A 
2 

20F- B 

Te) | | | | 

O:l 0-2 03 0-4 o'5 
STRAIN 


A at room temperature 
B at room temperature after straining 10% at 250° C 


Fig. A—Tests on 1-44% Ti steel 


NOVEMBER, 1957 











80? 
peri- 
high 
ized 
. for 
eels 
bide 
xlen 
lloy 


rect 
ave 


1 to 
find 
mily 
t is 
tive 
vide 
ars 
iter 


nly 
on- 
‘AC - 
en. 
hat 
the 


is 
ori - 
eld 
ize. 


ted 
ver 


rol. 





10 See 


Dh SS Na th nd 








DISCUSSION ON COMBUSTION AND HEAT TRANSFER 223 


yield point can be obtained. This is illustrated by the 
stress/strain curve in Fig. A. It would appear that on 
straining at the high temperature, carbon and nitrogen 
can migrate to the dislocations which are formed so that 
on completing the test at room temperature a yield point 
is observed. A similar effect can be obtained even on 
austenitic steel which is reputed not to show the yield- 
point phenomenon. 

I also agree with Mr. Sage that faster progress could 
be made if more were known about the rate of diffusion 
of carbon and nitrogen in ferrite in the presence of 
substitutional alloying elements. The effect of strain 
on the rate of diffusion would also have to be measured 
as well as the rate of diffusion of the substitutional 
alloying elements themselves. 

Dr. Cottrell’s remarks are extremely interesting and 
it is gratifying to know that the experimental data will 
be of some help to him in elucidating some of the com- 
plexities of dislocation theory. His remarks need little 
comment but there is one important aspect which is 
worthy of mention. As he stated, the hardening effect 
ean probably be shifted to a higher temperature by 
increasing the rate of straining. Under creep conditions, 
however, the rate of straining can hardly be used as a 
variable. From further work on strain-ageing we have 
shown that whereas molybdenum gives a maximum 
effect in a tensile test at 500° C, the test lasting about 
1 h, it requires about 40,000 h at the same temperature 
in a creep test at 6 tons/in® before the strain-age harden- 
ing effect of molybdenum comes into effect. It would 
appear, therefore, that the high density of dislocations 
in the tensile test accelerates ageing and therefore the 
density of dislocations must also be taken into considera- 
tion in any theoretical attempt to assess the effect of 
alloying elements on the creep behaviour. 

It would be very interesting, as Dr. Andrews suggests, 
to test pure iron and pure iron—carbon alloys to use as 
a standard of reference, but I am not sure that iron of 
sufficient purity is yet available. In any case, the tests 
reported in the paper were carried out under arbitrary 
conditions, the aim being to show the strain-age harden- 
ing effect of the elements and not to obtain any truly 


quantitative measure of their strength. Different 
samples of a similar steel show the same strain-ageing 
effects, but the level of strength at a particular strain 
may vary considerably. Residual alloying elements are 
certainly one factor in causing such varieties. Residuals 
also have an important influence under creep conditions. 

As regards the use of the term * precipitate’ instead 
of ‘dense atmosphere,’ this is to some extent a question 
of convenience, since very little is known about the 
structure in the vicinity of the dislocations. However, 
since some of the alloys tested were definitely of the 
precipitation-hardening type, it seems more logical at 
present to assume that some form of coherent precipita- 
tion applies in all cases. 

Dr. Nutting, on the other hand, seems to be in favour 
of the precipitation mechanism and it is to be hoped, 
therefore, that in the near future he may be able to use 
the electron microscope to give a more definite answer 
to this vexed problem. As already indicated in Fig. A, 
I have carried out a number of experiments on the lines 
he suggests and very interesting data have been obtained. 
The results seem to show that most steels can behave like 
precipitation-hardening alloys, but even so, there is no 
actual proof that precipitates are involved. 

With regard to Mr. Cairney’s remarks, it is certainly 
true that it is necessary to distinguish between solute 
which is fixed at alloy-atom sites and that which is 
freely available for precipitation in the dislocations. As 
shown by the references in the paper, some other workers 
have suggested that the solubility of carbon is increased 
by the addition of strong carbide-forming elements. 
Such an increase would help to explain the results 
obtained, but as mentioned in the paper, this is a subject 
which requires further investigation. 

With regard to grain-boundary failure, we have been 
carrying out some further work and have somewhat 
changed our views. Therefore we ask Mr. Cairney to 
disregard meantime the postulate that the precipitation 
of alloy carbide at the grain boundaries increases their 
rigidity. There is no doubt whatever that strain-age 
hardening does influence the rupture ductility, and I 
hope soon to give more details of this aspect of the work. 





DISCUSSION ON COMBUSTION AND HEAT TRANSFER IN 


AN O.H. 


This discussion was based on The Iron and Steel 
Institute Special Report No. 59, published 1956, entitled 
“Combustion and Heat Transfer in an Open-Hearth 
Furnace,” by the late S. W. Pearson, M. W. Thring, 
J. H. Chesters, and 14 others. 

Professor M. W. Thring (University of Sheftield) and 
Dr. J. H. Chesters (United Steel Companies Ltd:) 
presented the report. 

Mr. R. W. Evans (Steel Co. of Wales Ltd.): It gives 
me great pleasure and satisfaction to be able to open 
this discussion, but first, I must refer with great sadness 
to the death of one of the authors of this paper. Those 
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of us who knew Mr. Stan Pearson knew him to be a man 
of unfailing cheerfulness and good nature, and in that 
way he was an example. I personally respected him both 
as a man and as a steelmaker, and I am sure that his 
co-authors must have felt his loss greatly. It is un- 
fortunate that he did not survive to see the results of his 
work. 

In compiling these papers, 17 authors’ names are 
mentioned, so that a great variety of talent has con- 
tributed to the subject. The report has been preceded 
by other reports and papers largely by the same authors, 
to which reference has been made in the text. Much of 
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the background of the fundamental work has been done 
on the IJmuiden furnace, and our thanks are due to the 
directors of the Royal Dutch Steelworks, who provided 
the furnace and whose head is our distinguished president 
this year. 

At the same time, one recalls that the Templeborough 
Shop has over many years been a large-scale laboratory 
itself, thanks to the generosity and enterprise of the 
United Steel Companies, and once again we are indebted 
to Dr. Chesters and his colleagues for further evidence 
of their determination to reduce this complex steel- 
making business to an accurate science. 


They have used the three physical characteristics of 
gases, namely flow, temperature, and pressure, and by 
measuring them as accurately as possible and in the 
right places they have produced a mathematical model 
which yields a calculated result of an accuracy strikingly 
near to practical observation. 

To my mind, the papers are a great vindication of the 
advantages of the full use and accuracy of instruments. 
At the same time, the care and frequency with which 
calibrations are carried out shows that in the present 
stage of their development some expense must be 
incurred if the most reliable information is required. 
But we must hope still for improvements. 

Section I of the report poses nine important questions 
which undoubtedly require to be answered. Professor 
Thring has posed some more in presenting the paper, 
and if the report does not provide all the answers, at 
least it gives very good indications of the paths to be 
followed. 

Section IT gives details of the furnace design which is, 
above all, simple: a single uptake, single slag pocket, and 
single regenerator furnace. The trial cast gave a tap-to- 
tap production of 10-4 tons/h for an all-cold charge with 
an input of 342 gal/h of oil and a consumption per ton 
for the charged top period of 29-2 gal. This is good 
going, but it is greatly exceeded by more recent results 
on the furnace which have been due in no small measure 
to applications of the theory. 

In section IIT it is interesting to note in Fig. 10 how, 
with practically constant fuel and air flow and constant 
furnace pressure, the roof temperatures and Schmidt 
flame temperatures are profoundly affected by the 
charging of the metallic charge. This raises the question 
to what extent, with maximum heat input on any 
furnace, the roof can be maintained at safe working 
temperatures by scientifically placing the charge in the 
furnace. Is it possible that charging can be performed 
fast enough to make an all-basic roof unnecessary, bear- 
ing in mind that oxygen can be used to speed up melting 
once the bath is under cover, in which circumstances 
the highest heat inputs may not be required ? 

It was interesting also to note that the steam used 
contained up to 5% of moisture on reaching the furnace; 
the results obtained seem to indicate that dry steam is 
not an important factor, though steam condensation 
leads to apparently high steam/oil ratios. 

The excessive variation of the furnace pressure is 
puzzling; we might expect, as a result, that the com- 
bustion air inflow also would be affected. Steelmakers’ 
attention is drawn to the very satisfactory performance 
of the suction pyrometer. 

In section IV one notes the very efficient desulphuriza- 
tion from 0-064% at melt to 0-027% at tap. 

In section V it is gratifying to note the closeness of 
the readings of the middle thermocouple and the radia- 
tion pyrometers as shown in Figs. 26-29. Figure 27 
shows the fluctuation in roof temperatures which can 
prevail ‘during charging with high driving rates. My 
previous question was an enquiry whether the con- 
siderable number of temperature readings over 1650° C 
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(any of which is capable of damaging a silica roof) could 
be reduced by the introduction of more scrap, and thus 
give a histogram shaped more closely to Fig. 28 ? 


Section VI gets at the heart of the problem in evaluat- 


ing the radiation effect and the Schmidt temperature . 


along the flame. It is interesting to note the radiating 
effect of preheated air alone. 

After one has calculated the heat transfer to the bath, 
there is still another factor which must considerably 
affect the overall rate of melting, and that is the bath 
depth, i.e. the surface area of the bath per contained 
ton. Recently in a paper I stated that it is now possible 
to build furnaces of up to 600 gross-tons capacity. Recent 
furnaces built in the U.S.A. with a capacity of 275 gross 
tons have hearth areas giving about 4 ft?/ton, that is, 
a hearth area of 1100 ft?. The hearth dimensions after 
adding on about 10% for corners would be about 64 ft 
x 20 ft. The same hearth area per ton for a 600-ton 
furnace would require 2400 ft? or, say, 28 ft x 95 ft. 
Such a furnace would be difficult to build and one would 
have to be satisfied with a hearth area of at most 3 ft?/ton 
requiring, say, 24 ft x 83 ft. I proposed that such a 
furnace properly designed using about 2000 gal/h of 
fuel and 70% of hot metal, should have a tap-to-tap 
time not exceeding 64 h probably made up of 2 h to 
charge, 24 h to melt, 14 h to refine (with oxygen), and 
4h to fettle. This would given an output of 25 heats 
per week or about 15,000 tons/week per furnace. Could 
the authors calculate whether this is possible ? Could 
they give a categorical answer or would the answer 
depend on the bath depth ? 

Section VII shows the satisfactory agreement which 
exists between the model and the full-scale furnace in 
flows and depositions. I may say that our own work on 
models confirms also this finding, though we have used 
air models only. The asymmetry of the Templeborough 
furnace is ascribed to the single slag pocket and uptake 
arrangement; we have two uptakes and we find exactly 
the same asymmetry. Perhaps the authors could com- 
ment on this. 

The calculation of heat losses through brickwork and 
due to water cooling as detailed in section VIII and 
appendixes 1 and 2 have been thoroughly done and are, 
of course, vitally necessary for the heat balance derived 
in section IX. 

One assumes that the temperature of the whole 
structure is higher at tap than at start of charge, in 
which case more heat is stored at tap. Has allowance 
been made in the heat balance for this, or at what part 
of the charge is the heat stored equivalent to 1360 
gal of oil? The heat lost to water cooling is much lower 
here than in a double-uptake furnace with doghouse, but 
perhaps one has to pay for this in refractories. 

In section IX, as expected, the heat balance does 
balance, and this section reminds us again of the great 
thermal inefficiency of the O.H. process. Has the endo- 
thermic effect Fe,0, + 4C = 4CO + 3Fe been taken 
into account, the Fe,O, being derived from rust or scale 
on the charged scrap ? 

To the uninitiated it may appear that a very large 
number of assumptions have to be made in section X, 
but when one realizes the difficulty, for instance, of 
measuring the vertical emissivity of the flame one must 
conclude that these assumptions are justified if one is 
going to arrive at any result at all. The furnace periscope 
may later be useful in conducting some of these measure- 
ments. The actual difference between the calculated 
rate of heat transfer and the observed rate is only 6%, 
and bearing in mind the complexity of the methods and 
calculations involved, this is an extremely useful result. 

As the authors have shown, these results can be used 
to predict the effects of changing one of the conditions, 
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for instance increasing the number of burners. Now, 
most of the possible changes affect the charging plus 
melting period, i.e. the physical period. Speeding up 
the chemistry after the bath is clear melted is not in- 
volved in these considerations, and as the refining, 
fettling, and tapping periods approximate to just under 
half the tap-to-tap time, exploration of reducing these 
periods is also necessary if the chemists are to keep pace 
with the physicists. 

Finally, this paper is particularly opportune, coming 
at a time when it is planned to increase the U.K. capacity 
up to at least 28 million tons per year. A very large part 
of this will be made in O.H. furnaces which are existing 
now and some of it will be made in new furnaces. 
Improvements in existing equipment and pointers to 
desirable design features of new equipment are the useful 
results of these papers. The fact is that O.H. furnaces 
in the U.K. have so much capital locked up in them that 
they are bound to play a very large part in the steel- 
making economy for many years to come, though 
changes in the availability and form of energy in the 
next two or three decades may profoundly alter the 
steelmaking picture thereafter. 

I admire the whole work, the undoubted flair it shows 
in planning the experiments, and the academic distinction 
in evaluating the results. I hope that the whole report 
will be widely read not only here but also abroad, as 
without doubt it adds to the already high reputation 
of British steelmaking. 


Mr. H. England (Steel, Peech and Tozer): We did as 
Dr. Chesters described and decided to use the twin 
burner fired at 500 gal/h. We stipulated that the roof 
should be controlled at 1750°C, although if it went 
above that it did not matter. We have independent 
control for the burners; we know exactly how much 
steam and oil we are using on each burner. We also 
know the temperature of the checker tops. 

We set off with this furnace on the Wednesday of 
Easter week. In the first week we had 1017 tons, which 
worked out at the rate of 11-3 tons/h. The second week, 
which was the first full week, we had 2071 tons, at 
12-5 tons/h. The third week we had 2163 tons, at 
12-9 tons/h. The fourth week we had 2246 tons, at 
13-09 tons/h. 

In the first week integrator readings were not taken, 
so that the return of gallons per ton is not known, but 
a figure of 38-7 gal/ton was estimated. We did not 
believe this. The next week it was 35 gal/ton, and in 
the following weeks 33-8 and 33-3 gal/ton. Throughout 
the whole period there were ratios of 438, 437, 436, and 
436 gal/h, the results being pretty consistent. 

Compared with the rest of the shop, these are interest- 
ing figures. In the first full week we had 35 gal/ton 
compared with 35 gal/ton for the rest of the shop; in 
the second week we had 33-8 gal/ton compared with 
36-9 gal/ton for the rest of the shop, a reduction of 
3-1 gal/ton. In the third week it was the same, and in 
the last week we had 33-3 gal/ton compared with 36-4 
gal/ton, again a reduction of 3-1 gal/ton. I think that 
trend is very promising. 

From the roof temperature we found out how long 
the roof temperature was at over 1650° C, that being 
the safe working limit for the silica roof. Taking 18 
charges in the first two weeks, we found that for 3 h 
30 min it was over 1650° C. We were actually tapping 
start charge to tap in about 8 h, so that for 34 h out of 
8 h we were running the roof at over the safe limit for 
a silica roof, and for 43 min it was over 1700° C. Another 
18 charges were taken in the next two weeks, and again 
the roof was running for 3 h 19 min at over 1650° C, 
and for 56 min at over 1700° C. 
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So far the checkers are behaving very satisfactorily. 
We are running the cycle round about 1200° to 1450° C. 
On two recent casts this went up to 1480° C, but that 
was at the back end of the refining period, and those 
temperatures only persisted for about three reversals, 
i.e. $ h. 

The furnace is still going very well and even if it falls 
down tomorrow it will in our opinion have justified 
itself. We set out to show that substantially greater 
rates of heat input could usefully be employed, and it 
now appears that the gain in output is roughly pro- 
portional to the increase in fuel input. This conclusion 
is likely to have a profound influence on future develop- 
ments at Templeborough. 

Those are the results so far. I hope and believe that 
it will last a reasonable length of time, for we have now 
reached 13 ton/h. The shop averages in the first week 
were 8:95 ton/h compared with 11-3; in the second 
week, 8-78, compared with 12-5; in the third week, 
8-5, compared with 12-9; and in the fourth week, 8-75, 
compared with 13-09. 


Monsieur L. G. Husson (IRSID, France): I must first 
of all express my admiration for the considerable work 
carried out by the authors of the present paper and 
their co-workers. Special Report 37 and the earlier 
work undertaken in the U.K. shortly after the end of the 
Jast war had already widely contributed towards opening 
a way to a more scientific study of combustion and heat 
transfer in steelmaking furnaces. The trials at IJ muiden 
have since enabled faster progress to be made. 

This new paper brings to the common work a contri- 
bution the importance of which should be emphasized, 
and as we at IRSID participate in the study of these 
problems, I want especially to thank Dr. Chesters and 
Professor Thring. 

In France we are more concerned with the problem of 
cold charges. For this reason I have been greatly 
interested in a number of the conclusions of this paper, 
some of which agree with our own observations and throw 
a light on them. 

I note especially the importance, pointed out in Fig. 69, 
of the change in heat transfer between the charging 
period and the beginning of melting, and the end of the 
melt-down period. This is quite in agreement with the 
results (as yet unpublished) which we have just obtained 
on a furnace fired with low calorific value gas in a steel- 
works in the east of France. These have convinced us 
that in the case of cold charges the best way to accelerate 
the melt-down is to increase as far as possible the heat 
flow* during the charging period and the beginning of 
melting. This is quite possible without damage to the 
roof, which is cooler at that moment, whereas obviously 
higher temperatures are reached, as seen in Fig. 10, not 
only during refining but also immediately in the last 
part of the melting time. 

The heat transfer decrease, 
charging operations in the diagram in Fig. 69, could 
lead one to think that as the overall duration is the same, 
a slower but continuous charging would perhaps be more 
suitable than the introduction of successive, more rapid 
but separate amounts of scrap. Figure 10, which shows 
the peaks recorded for roof temperatures during the 
charging periods, seems to confirm this assertion. A 
more rapid decrease in the heat flow after the end of the 
charging period would perhaps spare the roof, without 
any increase in the overall melt-down duration. On the 
other hand, the difference between the two curves (Fig. 
69), one relative to the actual excess of air and the other 
relative to a constant excess of air, seems to be more 


shown between two 





* More than 800,000 B.t.u./h per ton of charge. 
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in favour of a heating with a constant excess of air than 
a heating with a constant air flow. 

The dissymmetry in the repartition of flows and the 
importance of the recirculation currents show quite well 
the interest of the studies on scale models, and a com- 
parison with the results obtained on real furnaces con- 
firms this value. In France we also work in this way, 
but so far, by arrangement with B.I.S.R.A., we have 
especially attempted to study furnaces fired with pre- 
heated gases of low calorific value, which seemed to us 
to be more neglected, and of which we think a systematic 
study could probably allow us to obtain better results. 
In this case the problem is quite different because of the 
low momentum to be taken into account, which probably 
constitutes, more than the difference between calorific 
values, the principal inferiority of low calorific-value 
gases. 

This difference between calorific values is in fact 
smaller per unit volume of waste gases than per unit 
weight of fuel. It seems to me, however, that in both 
cases one of the essential problems is to obtain good 
conditions for rapid mixing so that at the beginning of 
the operation there is complete combustion in the furnace 
room with a maximum heat flow and .a minimum excess 
of air. 

That is especially true for fuels of low calorific value, 
whose flame is much longer, but the problem is perhaps 
not so different for richer fuels if it is known that: 


(i) The temperature of gases at the exit of the room 
would be during the most part of the operation higher 
than that of the roof (Figs. 10 and 32). (It must be 
noted that it is a ‘Schmidt temperature,’ the value 
of which is only relative, and can be determined at the 
end of a flame of low lighting power only with a some- 
what poor approximation, as shown in section IV) 

(ii) The mixing of the air with the rich fuel, very fast 
at first, becomes much slower in comparison with the 
theoretical ‘ jet’ for the last fourth of this air (p. 73) 

(iii) A good covering of the bath by the flame seems 
very suitable, even with rich fuels (see p. 70, Fig. 75) 

(iv) The existence of a highly negative correlation 
between the emissivity of the flame and its Schmidt 
temperature on the one hand, and of a swing of position 
correlating between Schmidt temperature and roof 
temperature on the other, leads to the assumption 
that, contrary to what is sometimes said, a flame of 
high emissivity all along its length ought to reduce 
the roof wear. 


I think, however, that for an accurate knowledge of 
these different points a calculation founded on mean 
values for the whole operation will not be sufficient and 
that it will be necessary to study separately the charging 
period, the beginning of melt-down, and the end of 
melt-down. 

However, I do not think that for explaining the in- 
crease of melting rate when the steam/fuel ratio is 
increased, the first of the two explanations mentioned 
on p. 75, i.e. the greater oxidizing effect of an excess of 
steam, is valid. 

We have encountered the same fact in the trials 
described in a publication of IRSID! during which we 
used air as a means of atomizing. Though in these trials 
oxidization by air has been less important than that by 
steam, the increase of the air/fuel ratio hastened the 
melt-down. I think, then, that one must assume the 
second of the explanations given by the authors, i.e. 
the increase of convection. 

Finally, I believe it is very important to point out the 
influence of the supposed slag temperature on the roof 
temperature, considering the necessity of heat-flow 
limitations to spare the refractory lining, that indeed 
confirms the delaying influence on the melt-down of a 
too abundant or too viscous slag, and foretells the value 
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of introducing the additions of lime, at the right moment, 
and, occasionally, of convenient slaggings out. 


Mr. W. B. Wright (Colvilles Ltd.): In the foreword to 
this report we read the “ real benefits which accrue from 
a deeper appreciation by industrial workers of the sound- 
ness of the academic approach and by the academic man 
of the problems facing his industrial colleague, and 
further how the application of scientific principles 
tempered by consideration of practicability can lead to 
improvement in what has till now been regarded as a 
field of empirical knowledge and traditional skill.’ 

Considering the subject of the report, the term 
‘industrial colleague ’ surely refers in large measure to 
the melting-shop operators. It would be wrong to dispute 
that the application of some of the data discussed in the 
report has improved practice, yet how much of the theory 
has been built upon the empirical knowledge of the 
practical observer ? 

In defence of such heresy, let us remind ourselves that 
in the early days of the IJmuiden trials, we were being 
informed that evidence seemed to show that perhaps as 
much as 80% of the heat transfer in the O.H. furnace 
was by radiation. Even then some people who ar 
described in the present report as practical observers, 
displaying empirical knowledge, blandly refused to 
believe such a conclusion, since it obviously seemed to 
run counter to the combustion techniques used for years 
by melters operating with producer gas or mixed gases. 
It seemed obvious, too, that convection played a large 
part in the melting process, especially where a con- 
siderable part of the process time consisted in melting 
down cold scrap. In time, there was an almost imper- 
ceptible tendency for the theoretical workers ever so 
slightly to modify their views, but there seems now to 
be certain doubt in the authors’ minds, when we read 
on p. 73 that where the velocity change is great, con- 
vection may amount to 40%. 

Throughout the years, the experienced melter, when 
using low-velocity gases, even if he did not use such 
terms as radiation, convection, luminous, non-luminous, 
had a very accurate appreciation of the quality of flame 
best suited to his purposes at the different stages in the 
process. 

Until 30 years ago producer gas was the standard fuel 
used in the O.H. furnace. Although this gas is charac- 
terized by a large quantity of inerts and consequently 
a low calorific value, the presence of tar vapours and 
soot contributes largely to the luminosity associated 
with such flames. Luminosity is developed by the 
incandescent carbon particles produced by the tar and 
those resulting from the cracking of the hydrocarbons. 
Such a condition is achieved by restricting the air supply 
so that the combustion is protracted and therefore gives 
a flame longer than if the fuel were burned with an excess 
of air. 

The method of employing producer gas to good purpose 
has been to use an excess of air while cutting down scrap 
so that the melter obtained, in his own terminology, ‘ a 
good, short, sharp flame,’ i.e., he was purposely destroy- 
ing the radiant fraction of the flame. Thinking in terms 
of maximum temperature, in fact he increased the heat 
transfer by convection. After the scrap has slipped 
beneath the slag and is no longer in direct contact with 
the flame, he reduced his air to the point where it gave 
him ‘a thick lazy flame,’ which would cover most of the 
bath. By this means, he was increasing the heat transfer 
by radiation. 

Concerning the injection of high-pressure liquid and 
gaseous fuels, much good work has been accomplished, 
largely the result of various investigations, notably 
Special Report 37, the IJmuiden work, the work carried 
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out by B.I.S.R.A. Physics Department, and section VII 
of the report under review. 

These investigations clearly demonstrate the impor- 
tance of the jet momentum at which the fuel is delivered 
to the furnace; thus in a good furnace the flame length 
is directly related to the entraining power of the jet, 
as it governs the rate at which the combustion air is 
drawn into the fuel stream and hence the flame length. 
It is important to realize that in comparable furnaces 
the entraining power of producer or mixed-gas jets is 
of the same order as that of oil or coke-oven jets. This 
is because for producer gas or mixed gas there is a large 
port area and a low velocity and for oil or coke-oven 
gas a very small port area and a very high velocity. 
The high velocities of the rich flame give a much greater 
‘punch ’ which is associated with fast working and the 
increased ability to cut down scrap. 

Much of the increased output per furnace has in large 
measure been due to the injection of these high-velocity 
fuels either by single or double side-by-side burners. 
In some of the highest producing units, mixtures of 
coke-oven gas and oil are used with very short flames, 
the main object being to obtain the highest possible 
velocity on the gas entering the furnace and to maintain 
as high an average velocity throughout the charge, at 
the same time operating at maximum furnace pressure. 
Under these conditions, it would seem that much of the 
heat transfer is by convection. This is an important 
field for more intensive investigation by the theoretical 
workers. 

Regarding oil burners, it is somewhat surprising to 
find back-end atomizers being used on the trial furnace. 
The statement in the general conclusion on steam/oil 
ratio does not make convincing reading. It seems that 
the claim of some five years ago still persists, i.e. a higher 
steam/oil ratio is coincident with greater furnace output. 
There is ample proof to show that the only reason why 
a higher steam/oil ratio was necessary was to replace 
the irrecoverable head loss incurred by the baek-end 
atomizer. When a front-end atomizer is used, the 
application of the necessary steam pressure to the nozzle 
promotes efficient acceleration of the steam—oil mixture. 
Thus, the increased efficiency gained by using a front- 
end atomizer will give a greater thrust for the same 
amount of steam and will, incidentally, reduce the 
quantity of steam entering the furnace atmosphere 
which, in spite of all the theorizing, is not a desirable 
additive even if it be a better radiator than the two-atom 
per molecule constituents. 

The practical outcome of the advantage of the front- 
end atomizing burner as opposed to the back-end 
atomizer can be cited on a certain melting shop. In this 
shop there are five 85-ton furnaces being charged with 
60/40°% scrap/hot metal. These furnaces are fired with 
a mixture of oil and coke-oven gas and operate on a 
predetermined campaign of 18-20 weeks. Since these 
furnaces were fitted with front-end atomizers about 
three years ago, it has been unnecessary to carry out 
intermediate roof repairs during the campaign. Prev- 
iously, using the back-end atomizer, an intermediate 
roof repair had to be carried out owing to guttering 
above the taphole about the sixth or seventh week, the 
total campaign of the furnace being about 12 or 13 
weeks. 

It is very disappointing to note that those responsible 
for the trials were satisfied that a roof-temperature 
indicator and recorder only should be fitted to the furnace. 
Considering the strenuous efforts in developing and per- 
fecting automatic roof temperature control, one would 
have thought that such a device would have been useful, 
since it would allow the furnace temperature to be auto- 
matically held at any desired value, and would ensure 
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that the maximum possible safe temperature would be 
attained while working under optimum conditions. 

As a result of these continued investigations there is 
a fuller understanding of the mechanism of combustion, 
the problems associated with heat transfer, and the 
means of reducing excessive wear on the more vulnerable 
parts of the furnace. The success of these investigations 
results in large measure from the good leadership of the 
people directing them and, as we are all aware, they are 
persons who are alive to the need for keeping a balance 
between theory and practice. 


Dr. A. H. Leckie (Iron and Steel Board): In reading 
this fascinating report, I was naturally drawn to look 
back at Special Report 37, and to marvel again at the 
intensity of effort put into both these trials. What an 
advantage it would be if more trials could be conducted 
on @ greater variety of furnaces and melting shops. 

Without underestimating in any way the value of the 
fundamental work for which these trials were the basis, 
i.e. verification or otherwise of rather elaborate theories 
of heat transfer, I feel that their main value is in the 
collection of reliable data on what is really happening 
in O.H. furnaces. This helps us to keep a sense of pro- 
portion in analysing the substantial increases in output 
which many melting shops have achieved over the last 
ten years. 

Let us look at some of the results quoted in Special 
Report 37 compared with similar figures from Special 
Report 59. From Table LX XIII of no. 37 and Table V 
of no. 59 the following figures emerge: 


Trial Tons/h Av. thermsh Av. therms/ton 
H 1-3 8-0 315 10 

S 1-3 10-1 508 51°5 
K 8-75 370 15 

H 4-5 8-42 410 49 

H 6 7-53 373 19 
Special Report 59 11-5 607 53 


I have also worked out Mr. England’s latest figures very 
roughly, as follows: 
13 785 60 


If these results are graphed they fall on a fairly straight 
line, and it seems that the faster outputs today are not 
from any increase in efficiency, but are due to the latest 
designs such as single uptakes, etc., that allow us to 
burn more fuel per hour. I should like to question Dr. 
Chesters’ statement, in presenting the report, that the 
best way to save fuel is to burn more of it, for I do not 
agree. The results given above suggest that as the rate 
of furnace driving increases, the heat consumption in 
therms per ton increases, in other words the furnaces 
are operating over the peak of their efficiency curves. 
Of course this may well be more economic, although there 
is a rise in the heat losses and expensive capital equip- 
ment is used more intensely, with a net gain in terms of 
money. 

It is gratifying to read of the success of the single- 
uptake furnaces at Templeborough and the reference to 
our work at Shelton in section II. I should like to add 
my tribute to the late Mr. 8S. W. Pearson and his fore- 
sight in developing this design. I well remember our 
enthusiastic meetings in his office when his projected 
design was showing up so well in the Shelton models. 
In all fairness, we should also pay a tribute to the 
courage of others, such as Mr. Curphey of Redcar and 
Mr. Hall of Shelton, who also were pioneers in building 
this design of furnace. 

I have a few minor points of criticism of the present 
report which I might mention now. The heat balance 
in section IX does not seem to have been prepared as 
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meticulously as the balances in Special Report 37, where 
the authors followed B.S. 979 (1941). For instance, the 
reaction energies do not consider the state of oxidation 
of the iron, nor the heat of slag formation, both of which 
were allowed for in the earlier report. Also, has the heat 
brought in by the atomizing steam been taken into 
account in the incoming balance, for it appears in the 
outgoing? Mr. Evans has also reminded us that changes 
in the amount of heat stored in the structure may have 
a marked affect. 

I should have liked to see a discussion of the possible 
errors in the various measurements and in the assump- 
tions used in the theory. Bearing in mind the formidable 
difficulties in both practical measurement and theoretical 
calculation, the agreement found in section II is remark- 
ably good and it would be interesting to know how far 
it is within the sum of the theoretical errors. 

The authors have commented on the surprising lack 
of correlation between preheat and waste-gas tempera- 
ture. This suggests a capacity effect in the checkers or a 
failure to absorb heat efficiently from the outgoing gases. 
If the latter, then the temperatures at the base of the 
checkers should rise correspondingly. However, I share 
the authors’ surprise at this result, particularly in view 
of the excellent correlation between preheat and waste- 
gas temperature shown in Fig. 49 of Special Report 37. 

Finally, I should like to return to the value of these 
trials as regards practical operating by referring to the 
hackneyed but very important subject of air infiltration. 
On p. 18 it is suggested that this varies between 45,000 
and 230,000 ft*/h. Suppose on the average it is 150,000 
ft?/h, this means a loss through air infiltration of 7 to 8 
therms/ton of steel, which is about 4s./ton at present fuel 


prices. To eliminate this would need a roof pressure of 


a shade over 0-1 in. instead of the 0-06—0-08 in. specified. 
Although operation at 0-1 in. would no doubt mean 
extra refractory wear, particularly at the door arches, 
I should like to ask Dr. Chesters whether he thinks the 
extra cost of refractories is likely to be greater than the 
saving in fuel plus the extra output due to retaining 
heat in the furnace. 

The theory of flame temperature in the report offers 
an explanation of why some single-uptake furnaces have 
not been successful. These have all been cases where the 
burner has been placed too far back, with the result 
that high flame-temperatures have been reached too soon 
and emissivity over the bath has fallen. 

I should like to ask Dr. Chesters and Professor Thring 
whether we could have a similar intensive trial some time 
on a hot metal furnace such as the tilting furnace 
referred to in section VII. This would give valuable 
information on a quite different set of conditions. 


Mr. G. G. Thurlow (B.C.U.R.A.): This is a very 
awkward report to comment on, owing to the wealth 
of information and detail in it and also because it seems 
rather churlish to anyone who has struggled to take 
useful readings with even one test instrument in an O.H. 
furnace, to criticize workers who have so successfully 
managed to festoon a furnace with instruments. Yet, 
as is usual with this type of test, one soon thinks of other 
measurements which would have been useful. Heat-flow 
meters are an immediate thought, while more data on 
the flame temperatures would have been most useful. 
At B.C.U.R.A. we now have an instrument, the Venturi 
pneumatic pyrometer, which enables temperature tra- 
verses across a furnace to be carried out. We are anxious 
and willing to show off its potentialities in a good cause. 

A reliable knowledge of flame temperature would help 
in clarifying some of the issues raised in this paper. For 
example, the mean temperature curves, i.e. mean both 
with time over the melt and with distance over the 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


DISCUSSION ON COMBUSTION AND HEAT TRANSFER 


cross-section, come out at the half-way stage of the 
mathematical theory. Apparently the peak ‘ mean 
temperature ’ in the standard case (Fig. 70) after applying 
corrections for the linear approximation, etc., is about 
1850-1900° C. If we can take the gas temperature at 
the edge of the flame as the same order as the wall 
temperature (say about 1500—1600° C), it appears that 
the calculated maximum local temperature would be 
about 2000° C, which I feel is too low. 

It is stated in the report of the model work (p. 46) 
that it appears ‘‘that the recirculation reaches as 
much as 50% of the forward flow.’’ In other words, 
roughly about 30% of the total heat released in the 
furnace is contained in gases flowing the wrong way. 
What effect has this on the sectional heat balance calcula- 
tions ? Also, what effect has this on flame length and 
emissivity ? It can be shown by simple experiments that 
the recirculated products inhibit the formation of carbon 
products and the evidence that these gases will therefore 
tend to cause a drop in emissivity is strong, though 
possibly contrary to what one might have expected from 
simple physical considerations. The magnitude of this 
effect in industrial flames needs determining but it would 
appear to be high enough for it not to be neglected. 


AUTHORS’ REPLIES 


Professor Thring: Mr. Evans asks how far the roof 
temperature can be prevented from falling too low yet 
on the other hand kept from rising over 1650° C by 
continually placing the scrap in small quantities in the 
region of maximum heat transfer. This is clearly a very 
valuable suggestion and the theory indicates that it will 
give the possibility of increased heat-transfer rates 
without increasing the roof temperature. Both he and 
Dr. Leckie ask about the heat balance calculation. It 
is true these have been carried out on a simpler basis 
than those in Special Report 37. They are simply based 
on the figures given by Mr. Pearson in section IV for 
the metallic yield, assuming that all the metallic weight 
into the ladle is steel and that the metal is entirely 
metal and not oxide. This will automatically take 
account of the endothermic reaction between any 
reduced oxide and carbon because this will simply be 
subtracted from the metal which is going the other way 
and being oxidized. Mr. Evans also asks about the extra 
heat stored in the superstructure at the end of the melt 
compared with the start. This has not been allowed for, 
and if it were an appreciable fraction of the 1360 gal of 
oil which represents the average amount of heat stored 
in the superstructure then a serious correction would 
have to be made for it, but the temperature wave in 
the brickwork corresponding to the fall in inner surface 
temperature during fettling probably does not penetrate 
very deeply, and therefore the bulk of the heat stored in 
the superstructure remains constant. However, it is 
worth doing detailed calculations on this point and we 
hope to carry out these. Mr. Evans also asks that 
detailed calculations should be made for a _ 600-ton 
furnace with 2400 ft? of bath area and a fuel input rate 
of 2000 gal/h. Again we hope that it will be possible to 
arrange such calculations and see whether such a rate 
of fuel input is possible even in such a big furnace 
without overheating the roof and how the results would 
vary with the bath area/ton employed. Both Mr. Evans 
and Dr. Leckie emphasize the importance of preheat and 
reducing air infiltration to obtain the same melting rate 
with a reduced fuel consumption. The theoretical calcu- 
lations are very strongly in agreement with them on this 
point, and it is clear that very large fuel savings can be 
made by improvements in this direction. 
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I think that Monsieur Husson has slightly misunder- 
stood Fig. 69. The dotted curve merely represents the 
heat transfer to the bath calculated by a heat balance 
when we do not correct for the steadily increasing 
quantity of waste gases corresponding to the increasing 
oxygen content. In other words, this is merely an inter- 
mediate step in the calculation and does not represent 
the effect that would be obtained if the increasing excess 
air had been eliminated. The effect of operating with a 
constant excess air in fact should be to leave the heat 
transfer during the charging period at the higher value 
corresponding to the solid curve, while it would certainly 
reduce the fall-off during the melting period and might 
give @ curve approximating to the dotted line curve. 
Thus we agree with Monsieur Husson’s conclusion of 
the desirability of firing with a constant degree of excess 
air. Monsieur Husson and Mr. Wright both mention 
the old problem of convection v. radiation. In this 
connection we would stress that all the evidence relating 
to a comparison of different fuels such as coke-oven gas, 
fuel oil, and tar, burnt with the same jet momentum 
and the same calorific input, indicates that luminous 
emissivity is highly desirable when it can be obtained 
without lengthening the flame. It is when the luminosity 
is reduced concurrently with shortening the flame by 
increasing the jet momentum for a given calorific input 
and a given fuel that the two opposing factors come into 
radiation. Shortening the flame increases radiation by 
increasing the flame temperature and this is offset 
against the reduced emissivity. It is true that in this 
case convection will certainly be increased also, and it is 
certainly true that convection plays an important role 
as long as the flame is penetrating piled-up scrap. Once 
the bath is flat, radiation effects must be larger than 
convection although convection is still significant. Mr. 
Wright also mentions the desirability of obtaining a high 
jet momentum by using an efficient front-end atomizer 
and less steam (preferably of high pressure) instead of 
using a larger quantity of steam less efficiently with a 
back-end atomizer. We agree entirely with this sugges- 
tion and it has been fully borne out by the most recent 
IJmuiden trials. 


Dr. Leckie asks about the errors. The calculation is 


of course based on assumptions such as the neglect of 


recirculation and longitudinal radiation which will 
certainly produce large errors in the calculated distri- 
bution of heat transfer. In the case of the measurements 
we are concerned mainly with the total heat transfer to 
the steel which we know fairly accurately from the 
weight and temperature, and with the roof temperature 
which again we know fairly accurately because of the 
work which has been necessary to avoid overheating 
silica roofs. 

Mr. Thurlow mentions the Venturi pneumatic pyro- 
meter, and we would say that it would certainly be very 
valuable to use this in future trials, although as soon as 
one begins to carry out flame temperature traverses 
across the flame it becomes necessary to measure the 
velocity distribution across the flame in order that the 
correct weight can be given to the temperatures obtained 
at different points. This brings one on to the type of 
work which is called at IJmuiden the ‘Combustion 
Mechanism Trial’ which gives the most information, 
but is exceedingly difficult to carry out on a working 
furnace where conditions are changing both with time 
within a reversal and with melting time. He also asks 
about recirculation, and we would stress that if the 
recirculating gases are close to the general furnace 
temperature then they do not carry a significantly 
different amount of heat from one zone to another in 
circulating backwards than they would in moving 
forward again, so that a heat balance based on the net 
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flow of gases from section to section is probably adequate. 

Dr. Chesters: May I first of all say how much the 
team shares Mr. Evans’s sadness at the death of Mr. 
Stanley Pearson. Our feelings are sincerely and _ per- 
manently expressed in our dedication of the report to him. 

Professor Thring has already replied to many of the 
points raised in the discussion, but it may perhaps help 
if I take up some that have been missed and others in 
more detail. I would agree with Mr. Evans that faster 
driving of silica furnaces is possible, given sufficient 
attention to the location and time of charging, but I am 
still of the opinion that the furnace of the future will be 
driven so hard that only a basic roof will have much 
chance of survival. This opinion is supported by the 
information given by Mr. England, on the high pro- 
portion of total time during which the ‘ F ’ furnace roof 
was above 1650° C, when the maximum fuel input was 
raised from 375 to 500 gal/h. 

Mr. Evans’s observation that asymmetrical flow is not 
solely attributable to single checker-slag pocket-uptake 
construction, is in accordance with our own recent flow- 
pattern studies on single v. double uptake furnaces. It 
would appear, for example, that the position of the 
dividing-wall arch with respect to the bridge-wall has a 
major effect on the air distribution in double uptake 
furnaces. 

Mr. Evans was kind enough to point out that the heat 
balance in section IX balanced. It would be unfair for 
us not to state that this is only because the * heat to 
waste gases’ has been obtained by difference. Wher« 
the calculated figure was used, as shown in italics in 
Table X XI, a serious discrepancy remains. This would, 
however, be considerably reduced if account had been 
taken of the effect of carbon monoxide evolved from the 
bath on waste-gas volume. We would at the same time 
state that although the difference between the calculated 
and observed heat transfer is only 6%), the inaccuracy 
in our prediction may well be nearer 16%, in that 
the measured heat must have included heat transferred 
by convection and should not, therefore, be calculable 
from straight radiation theory. 

Monsieur Husson, in discussing what he refers to as 
fuels of low calorific value, has touched on a vital 
difference between low-pressure gas and oil-fired furnaces, 
namely the difficulty with the former of controlling, and 
in particular increasing, entrainment rates. There is 
little doubt that the increasing interest shown in oil 
firing is due as much to the flexibility of the method as 
to the calorific value of the fuel. If a melting shop 
manager does not like either the length or the location 
of an oil flame there are many things he can do about it, 
such as increasing steam flow, decreasing nozzle size, or 
swinging a burner. If, on the other hand, he has been 
unlucky enough to build a producer gas-fired furnace 
that does not give him the desired flame characteristics, 
he may well have to live with it for several months. 

Mr. Wright has, I suspect, been deliberately provoca- 
tive in his remarks and it is difficult to know how hard 
one should bite. He asks specifically how much of the 
theory has been built upon the empirical knowledge of 
the practical observer. The reply might well be the 
subject of a popular lecture, parts of which I have 
already given on several occasions, the principal theme 
of which would be that anyone, whether he be a melter 
or a ‘ backroom boy,’ who observes certain consistent 
relationships, is in fact making a contribution to science. 
The question as to whether he can explain why a flame 
has no ‘ body ’ is secondary. The function of the scientist 
should be to try and put into more quantitative terms 
the practical knowledge achieved in the past, and to 
attempt a parallel explanation in terms of theory. If 
he is successful in so doing then the rate of progress may 
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be far greater in the future than that in the past. This 
is precisely what we have been attempting to do in the 
field of combustion and furnace design, and we could 
give numerous illustrations of how such studies are 
proving valuable. Let one suffice: When Mr. England 
started the present ‘ F’ furnace trial we were asked to 
specify the optimum nozzle sizes for use with a twin 
burner furnace and a total firing rate of 500 gal/h. 
Thanks to our joint researches with the plant on such 
things as pressure-drop in lines, and the effect of steam 
flow on air entrainment, we were able to give the desired 
figure immediately. Any intelligent melter could have 
predicted that the diameter would be less than that 
previously used for 375 gal on a single burner if the same 
flame length were desired, but he would certainly not 
have been able to give it to + in., as we did, or predict 
how an increase of, say, } in. would affect the flame 
length. On the still controversial question of how much 
of the heat transfer is by convection, I would contend that 
the position has not changed radically during the last 
few years, Professor Thring and I having repeatedly 
expressed the view that radiation is dominant but not 
that convection can be ignored. Here again what is 
wanted is quantitative data, and I am glad to say that 
work at present being carried out by B.I.S8.R.A. should 
provide an answer, at least for the conditions existing 
in hot models. 

I would like to depart slightly from Professor Thring’s 
reaction to Mr. Wright’s statement that a front-end 
atomizer is better than a back-end atomizer. If Mr. 
Wright means that an external atomizer is better than 
an internal atomizer I would disagree. Recent tests at 
Templeborough, using a Russian-type* nozzle, show that 
to obtain the same thrust some 3500 lb/h of steam would 
be required instead of the 2850 lb/h used at present. 
If, on the other hand, he means an internal mixer with 
the oil entry just before the nozzle, then we would refer 
him to the paper by McInerney, Mattocks, and Newby,° 
where Fig. 11 shows that the position of oil entry makes 
little difference. 

I would entirely agree with Mr. Wright’s remarks 
about automatic control of roof temperature. This is 
quite standard at one of our plants and considerably 
used at another, but neither with us nor with other steel 
companies has it been adopted sufficiently widely for its 
full justification. 

I am not at all surprised that Dr. Leckie was disap- 
pointed when he began comparing the standard cast data 
for Special Report 59 with those given previously in 
Special Report 37. The charge-to-tap times are all too 
similar, in spite of the decade that has elapsed and the 
advantage expected from the use of oil. On the other 
hand, I consider that any detailed comparison of the 
trial casts, either as regards output or fuel consumption, 
is most dangerous without a detailed analysis of the 
conditions prevailing. Thus the cast described in Special 
Report 59 was intended to be typical of the shop, whereas 
those described in Special Report 37 had the admitted 
advantage of better scrap, the use of which was justified 
in terms of the need for consistency over a six-month 
period of trials. 
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I still think my suggestion that the best way to save 


fuel is to burn more of it is a good one, and by way of 


supporting it I would point out that in one of our shops 
the maximum fuel-input rate has over the years been 
raised, at least experimentally, by nearly two-thirds, 
without any increase in fuel consumption per ton. My 
only concern is that the fuel consumption has not 
decreased more, and I still feel that it will do when we 
really master such questions as optimum flame length 
and bath coverage. The mere fact that we require nearly 
two-thirds of the fuel to keep the furnace hot makes me 
feel that the proportion of such ‘ overheads’ can only 
be decreased by pushing up fuel input. What must not 
be forgotten is that any radical change calls for altera- 
tions well beyond the furnace chamber, e.g. increased 
checker capacity. 

I would like to agree with Dr. Leckie, in his remarks 
about furnace pressure. I think we should be working 
at nearer 0-10 in., but can only do so if we have doors 
that really fit, which in turn presupposes the availability 
of considerable amounts of cooling water. Any increase 
in refractories’ cost, resulting from raising the furnace 
pressure from 0-060 in. to 0-10 in. would, I feel sure, 
be more than offset by the corresponding saving in fuel. 

In reply to Dr. Leckie’s final comment, we too would 
like to see a similar trial on a hot-metal furnace, and are 
rapidly approaching the stage at which such a trial 
might prove practicable. The process operated at 
Appleby involving tilting, de-slagging, and other compli- 
cations, makes what Mr. Thurlow calls ‘ festooning with 
instruments ’ both more difficult and more dangerous. 
We have, however, done most of these measurements 
individually on tilting furnaces and, given the demand, 
we could doubtless do them simultaneously. 

Mr. Thurlow will be pleased to know that our faith 
in his Venturi pneumatic pyrometer has now reached the 
stage where we have budgeted for the purchase of one 
for use in future trials. It is, we believe, an extremely 
good instrument, even if somewhat costly when equipped 
with an automatic computer. 

Finally, we are delighted that Mr. Thurlow stresses 
the desirability of work on recirculation. We have 
expressed the view in a paper on flow patterns given to 
the A.S.M.E. Conference in 1951,° that a major question 
still demanding an answer is whether recirculation is or 
is not a bad thing. We are fairly confident now that 
recirculation is responsible for a good deal of damage 
to refractories, and we are increasingly of the opinion 
that it lowers heat transfer, but little positive evidence 
can as yet be produced. Mr. Thurlow will be pleased to 
know that work will shortly be done by a United Steel 
Companies’ bursar on this subject, and that we also hope 
to build in our new pilot-plant block a hot model in 
which an attempt will be made both to eliminate and 
to exaggerate recirculation, with a view to determining 
its effect on heat transfer. 

In conclusion, the team would like to thank those who 
have taken part in the discussion for their contributions, 
and stress the desirability of mutual criticism in the 
development of what is still a young art—or dare we 
say a young science ? 


REFERENCES 


1. G. Husson ET AL.: ‘‘ Comparaison de différentes 
modes de pulvérisation du mazout dans un four 
Martin,’ Publication IRSID, série A, no. 128, 
December, 1956. 

2. A. H. LEckIE: J. Iron Steel Inst., 1944, No. I, pp. 

419p—442p, 

G. G. THURLOW: Coke and Gas, 1957, May, pp. 201- 

203. 


wo 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


4. M. A. Grinkov: ‘‘ Récherches sur la flamme des 
fours Martin,’’ Congrés du Centenaire de la Société 
de L’Industrie Minérale, Paris, June, 1955. 

5. M. J. McINERNEY, G. R. Matrocks, and M. P. 
Newsy: Joint I.M.E.—A.S.M.E. Conference, Boston 
and London, 1955. 

6. J. H. CHesters: O.H. Proc. Amer. Inst. Min. Met. 
Eng., 1951, vol. 34, pp. 282-306. 


NOVEMBER, 1957 


PORE TATE SS 


SEARED I 





to save 


way of 


ir shops 
rs been 
-thirds, 
nm. My 
as not 
hen we 
length 
nearly 
kes me 
n only 
ust not 
altera- 
-reased 


»marks 
orking 
» doors 
ability 
crease 
urnace 
l sure, 
n fuel. 
would 
nd are 
i trial 
ed at 
ompli- 
s with 
erous. 
ments 
mand, 


faith 
-d the 
f one 
>mely 
ipped 


resses 
have 
en to 
‘stion 
is or 
that 
mage 
inion 
lence 
ed to 
Steel 
hope 
el in 
and 
ining 
who 
ions, 


the 
> we 


des 
iété 


ston 


Vet. 


957 


TET 


TA 


t € 











DISCUSSION ON ALL-BASIC FURNACE ROOFS 


231 


DISCUSSION ON ALL-BASIC FURNACE ROOFS 


This discussion was based on the paper “ Co-operative 
Trials on All-Basic Furnace Roofs”, by the All-Basic 
Furnace Sub-Committee of the British Iron and Steel 
Research Association and the British Ceramic Research 
Association, which was published in the March, 1957, 
issue of the Journal (vol. 185, pp. 304-328). 


Mr. H. M. Richardson (British Ceramic Research 
Association) introduced the paper. 


Mr. A. Jackson (Appleby-Frodingham Steel Co.): I 
should like first of all to extend congratulations on behalf 
of a large number of steelmakers to those who have been 
responsible for these truly co-operative trials, which 
have combined the efforts of brickmakers and_ brick 
users, both here and abroad, and which have been 
coordinated by the All-Basic Furnace Sub-Committee. 

It was suggested that I might speak on this subject 
because I am interested in basic bricks, but I have found 
that my interest in basic bricks rather differs from that 
of the authors of the paper. They are interested in the 
bricks and their properties, whilst 1 am interested in 
their value in the steel furnace. 

I should like to mention two points in particular: 
first, in spite of the complexity of the trials, some bricks 
appear to be better than others; and second, for the work 
to achieve its full value it must be used by the industry. 

I have had considerable opportunity at various times 
to study the use of basic brick in a number of plants 
outside this country. Iwas present at the early meetings 
within the United Steel Companies, from which trials 
started at Templeborough, and at an early informal 
discussion of the trials now being discussed. 

We have carefully followed the results of all trials, 
hoping in due course to apply all-basic roofs to large 
tilting furnaces, but without much encouragement to 
date. Whilst trials of all-basic roofs have been persist- 
ently pressed, their application has not spread sufficiently 
quickly to lead any steelmaker to believe that they are 
a considerable success. I should have thought that 
experiments had gone on long enough for them to have 
developed much more quickly if there was a lot of con- 
fidence in them. 

From the economic viewpoint I would summarize 
published information as follows: first, the annual pro- 
duction increase compared with silica in similar furnaces 
is 10-15%. Secondly, the fuel used compared with silica 
is some 5% more. Thirdly, the overall ingot cost is 
slightly higher when using the all-basic furnace. 

This means that any works, using silica furnaces, 
which had a sufficiency of ingots to supply its mills, 
could not turn economically to the use of all-basic 
furnaces because of the increased ingot cost, no matter 
how small. 

The introduction of oxygen-blown steelmaking methods 
will undoubtedly further cheapen the cost of ingot making 
to the increased disadvantage of the all-basic furnace. 

As the O.H. furnace will be with us for a long time, 
one may well ask why this important development in 
refractories does not give a more favourable ingot cost. 
I suggest that there are three principal reasons: first, 
the all-basic roof is sometimes regarded simply as a 
more durable roof than silica, and so no effort is made to 
drive the furnace really hard. Secondly, basic roofs 
are ruined by frequent chilling during operations; the 
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paper shows the detrimental effect of cooling below 
1200° C about six times. Thirdly, far too much fuel 
is wasted, with consequent high conversion cost. The 
last is by far the most important factor, and much more 
attention must be given to combustion in the hearth. 
When fuel is burnt it is essential that heat is put in the 
right place and not up the chimney. 

Present policy appears to encourage those furnace 
operators who can pass the greatest amount of heat into 
the furnace system in a given time. To handle the 
temperature and volume of gases leaving the hearth, 
basic downtakes, slag pockets, and checkers are needed, 
and if the trend continues, probably basic flues as well. 
Fortunately, they get a credit for waste-heat steam, but 
one cannot really consider a steel furnace as the most 
efficient boiler firebox. 

It will be noted from the paper that basic roofs, like 
silica roofs, wear unevenly, so that the first aim should 
be to use more of the roof at maximum temperature, i.e. 
to achieve a more uniform temperature in the hearth. 
One deduces from this uneven wear that one part of the 
roof is too cold, and if this could be rectified, one would 
get much better use of the basic roof. That, of course, 
is one of the reasons for silica-roof failure. 

To the attainment of a more uniform temperature in 
the hearth should be added the attainment of a high 
roof temperature at the incoming end of the furnace and 
possibly lowering that of the outgoing end somewhat. 
Many furnaces have far too much draught and in conse- 
quence suffer from lamination, i.e. incomplete mixing 
of air and gas. To this must be added very considerable 
checker infiltration often made worse by the insertion 
of many cleaning holes which cannot be properly sealed. 
If this infiltration were minimized less trouble would be 
experienced from insufficient draught. Many furnaces 
show considerable excess air at the chimney base or 
boiler, and this can easily carry away several therms 
per ton at a cost of not less than 6d. per therm. 

One might also ask if all the steam used for atomization 
is really necessary. It needs heat to produce it and takes 
sensible heat out with it. I would suggest that all-basic 
furnaces have not less than two burners, if working on 
driven fuel, that oxygen is always available to assist 
combustion when necessary, and that intensive con- 
sideration be given to reducing draught and infiltration. 
If, on top of this, better and cheaper bricks can be 
produced and used with the best design, the all-basic 
furnace will quickly replace silica. 

To revert now to large tilting furnaces, past inquiries 
on methods of suspension have produced designs which 
appeared so complicated, and not obviously practicable 
in all that we were deterred from taking the 
plunge, especially as results from other users did not 


eases, 


indicate any clear gains in ingot cost. A few months 
ago, however, we decided to make a trial and _ first 


inserted eight courses of chrome-magnesite brick in a 
silica roof to see if it would withstand tilting when worn. 
This patch lasted as long as one and a half silica roofs 
and the next three roofs were all-basic. The rise is a 
little greater than for silica, and they are sprung off the 
same skewbacks, the only difference being that the roof 
is held down by longitudinal steelwork in six places 
across the roof and supported from the principal roof 
girders. 
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The lives have been 11 weeks, 12 weeks, and the third 
is still on, having already lasted 94 weeks. The produc- 
tion gain is not less than 10%; the fuel has been above 
and below normal for silica, and the refractory cost 
cannot yet be fully assessed because the below-stage 
refractories have not yet been fully renewed. 

We have now ordered supplies to enable six of our 
300-ton tilting furnaces to change over to all-basic roofs 
as quickly as the necessary bricks can be made available 
by the suppliers. We hope to be able to take advantage 
of basic roofs to intensify further the use of combustion 
oxygen and thereby increase production and reduce ingot 
costs. 


Mr. P. Lanzing (Royal Netherlands Blast Furnaces 
and Steel Works Ltd.): In our own shop the production 
rave and consumption of refractories in 1956 have risen 
respectively to 108 and 118, taking 100 as the base 
for 1953, the first complete year with five all-basic 
furnaces in production. Even taking into account that 
the increase in rate of output was obtained by means 
of additional fuel and small amounts of oxygen, both of 
which are considered by some to be harmful, the con- 
clusion that brick quality has not improved much, if at 
all, seems fairly obvious. 

During discussions of this state of affairs and of the 
report with some of our staff, several questions arose 
and opinions were expressed which differ from those 
contained in the report. Having worked in the trials, 
I feel I ought to give a summary of those talks at our 
plant. 

Table IV shows that rather wide variations in average 
properties occur between batches of the same colour 
but different number, i.e. batches believed by the makers 
to be as similar as possible. It is well known that these 
variations exist, and our own figures not only corro- 
borate the findings of the Committee, but also show that 
consistency within batches is also poor. The question 
arises whether differences between batches are greater 
or smaller than fluctuations within a single batch. It 
was felt that some more attention might have been 
given to this question, because the possibility of estab- 
lishing correlations between test data and behaviour 
of bricks under operating conditions seems to be some- 
what dependent upon it. 

As regards iron-oxide expansion, we think that lack 
of correlation between test data and performance in the 
furnaces does not necessarily show that iron-oxide 
expansion is not a very critical factor. This particular 
test, as stated in the report, may be unreliable. It was 
suggested that explanation or further study of the varia- 
tion from batch to batch in the change of iron-oxide 
expansion with increasing temperature, as shown in 
Table V, might be worthwhile, either to obtain a better 
insight into the phenomena occurring or to achieve a 
more reliable test. We believe this to be important, 
because the presence of iron oxides in the furnace gases 
and their subsequent absorption by the bricks is a fact, 
and in our opinion their possible influence on the mechan- 
ism of failure should be kept in mind. 

As Dr. Chesters has shown, the relationship of flow pat- 
tern and dust deposition on a silica roof and the pattern 
of wear of that roof was studied in a British steelworks. 
Repetition of these observations on an all-basic roof 
might reveal interesting additional information. 

Concerning the information on p. 324 et seq. with 
regard to the changes in chemical analysis and petro- 
logical composition of used bricks, it was felt that 
absorption of SiO, from the furnace gases could not 
account for the increase in the SiO, content 2-4 in. 
from the hot face. It was therefore suggested that 
migration within the brick rather than absorption from 
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the furnace gases would be responsible for the maxima 
in SiO, and CaO shown in the graphs. If the assumption 
that failure of the bricks is connected with changes in 
chemical and mineralogical composition is correct, then 
the important phenomenon would be diffusion. Since, 
for diffusion to occur, the time factor is essential, in this 
case we ought to warn ourselves against any short 
cut which reduces trial or testing time to a large degree. 
Therefore, it might be important to know whether diffu- 
sion is the main cause of these changes; it was suggested 
that the changes in unused bricks after exposure to 
temperatures and gradients prevailing in O.H. furnaces 
be studied, but without treatment with or exposure to 
slag or furnace gases. 

The occurrence of cracks and the changes just men- 
tioned poses questions. On p. 315 of the report it is 
claimed that unless stringent measures are taken to 
protect the roof against temperature fluctuations, cracks 
are likely to develop very early in the campaign. For 
most furnaces these measures are not taken. Further- 
more, on p. 325, it is stated that no relationship between 
position of cracks and chemical changes can be shown. 
This and the graphs on p. 324 et seq. suggest that cracks 
originate after completion of mineralogical changes. 
These must have taken place at the very beginning of 
the campaign, which is impossible if diffusion plays an 
important role. 

Also, it could be expected that failure or slabbing of 
the bricks would occur within a relatively short time after 
the formation of the cracks, unless failure is due to some 
other factor which has nothing to do with changing 
composition and crack formation, or unless failure could 
be retarded by some additional and yet unknown cause, 
or perhaps, as Mr. Richardson said, by iron-oxide 
expansion. 

Furthermore, the isotherms in Fig. 4 suggest the 
occurrence of cracks close behind the hot face, where 
temperature gradients are greatest, rather than between 
2 and 4 in. behind the face, where these gradients are 
small. Also, if isothermal planes during heating and 
cooling are flat and parallel to the hot face, the cracks 
could hardly be parallel to this face, because differences 
in expansion and contraction would cause tension across 
the brick and not parallel to the longitudinal axis. It 
would thus be necessary to find a different explanation 
for the formation of cracks parallel to the hot face. 
Therefore, it was asked whether any additional informa- 
tion exists regarding differences or similarity between 
temperature gradients just below the surfaces of the 
brick and those present in the core. If such differences 
exist, variations in migration would be possible, and 
thus it was also considered worthwhile to inquire about 
variations in mineralogical composition, in any given 
cross-section of a full brick, going from core to edges or 
vice versa. 

Discrepancies between temperature gradients in outer 
and inner zones of the brick would cause curved iso- 
thermal planes. These might well initiate cracks parallel 
to the hot face. In the parts where these cracks would 
start, migration would stop, because it would not be 
able to pass the crack, whereas it could still proceed in 
other parts, thereby originating or enlarging variations 
across the bricks in chemical and petrological composi- 
tion. These variations in turn might aggravate existing 
cracks or even produce new ones. 

At Hoogovens we felt that further information might 
clear up some apparently contradictory facts and sup- 
positions, and it was suggested that further study and, 
if necessary, additional tests should be undertaken to 
determine differences in texture, chemical and petro- 
logical composition, and temperature gradients. 

As a worker in these trials, I should like finally to 
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Fig. A—No. 4 all-basic furnace 


underline the very friendly co-operation in this series. 
We undoubtedly have here another example of inter- 
national co-operation in research and development being 
carried out just as well by private industry as by 
Governments. 


Mr. A. H. Sommer (Keystone Steel and Wire Com- 
pany, U.S.A.): Two years ago at the Joint Metallurgical 
Conference in London, I gave a brief description of our 
O.H. furnace with a flat basic roof. It is indeed a privi- 
lege to participate again at this time in a discussion 
regarding experience with all-basic O.H. roofs. 

Being an operating layman and not a technician, I can 
to some extent agree with the point that design and 
operation of an all-basic furnace have a far greater 
influence on the life obtained than have observed differ- 
ences in brick composition. 

One factor which has not been brought out in regard 
to furnace design but which is important in the life of a 
basic roof is to have it comparatively high above the 
bath as compared with a silica roof. This may increase 
the fuel consumption slightly, but the furnace avail- 
ability, and the tonnage that will be produced through 
higher furnace availability and the longer roof life, will, 
we feel, definitely justify a slight increase in fuel, which 
is about 5% more than for a silica roof. 

We have all-basic roof installations on the four furnaces 
in our melting shop and a decision has been reached 
to build a fifth, also equipped with a basic roof. The use 
of basic construction will no doubt extend to the checkers 
as suggested by previous speakers. This decision indi- 
cates our general views as to the increased use of basic 
brick in an O.H. furnace to replace other refractories. 

My account will cover four complete campaigns— 
three on flat basic roofs and one on an arched contour 
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roof, all of the brick being suspended as compared with 
the partly suspended construction used in Europe. On 
No. 4 furnace the three campaigns were 503, 689, and 
538 heats. The total of heats produced on the arched 
roof in the initial campaign, which ended on February 
11, 1957, was 648, and this roof was entirely of unburnt 
tab-type brick. 

We now have four furnaces which tap about 178 net 
tons per heat, and the general dimensions outside the 
brickwork are 68 ft 9in. by 17 ft 9in. Since 1952, all the 
furnaces have been equipped with basic suspended chill 
arches to provide for 5-ft longer hearths and complete 
basic linings of the ends and slag pockets. No. 1 furnace 
has a fully suspended all-basic roof having an arched 
contour and sloping down at the ends over the port, 
consisting of two small uptakes. No. 2 furnace, which 
at the present time still has a silica roof, has tapered 
ends with the roof sloping down at the ends and also 
tapering in from front and back. No. 3 and No. 4 
furnaces have fully suspended all-basic flat roofs, with 
single-uptake construction which I think is very practical. 
The fuel is 70% natural gas at 60 lb/in? and 30° Bunker 
‘C’ or heavy fuel oil, and our maximum firing rate is 
approximately 80 million B.t.u./h. 

Figure A shows where suspended construction is used 
on No. 4 all-basic furnace and shaded areas indicate the 
use of basic brick lining. This furnace is narrowed 
down at the ends and the shape of the uptake is outlined. 
In this furnace basic checkers are used in 18 courses, 
or half the depth on one end of each chamber and 8 
courses on the other end. 

Figure B shows where suspended construction and 
basic linings are used in No. 1 furnace. Here the main 
roof is of arched contour rather than flat as on furnaces 
3 and 4 and the checker roofs are not suspended. 
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Fig. B—Plan and elevation, No. 1 furnace (Maerz end) 


Table A shows the combined results of the various 
campaigns and indicates the thickness of each -roof, 
including the type of construction. The rib and valley 
or waffle arrangements using both burnt and unburnt 
brick has produced varied results. On No. 1 furnace 
where the roof has an arched contour, we used 15-in. 
tab bricks which were unburnt. I agree with previous 
speakers in regard to varied results being obtained with 
burnt basic refractories; however, we noted that when 
burnt refractories were divided into smaller pieces to 
make them comparable to internally plated unburnt 
brick, better results were obtained. We did not find 
that there was any great difference between chrome- 
magnesite and magnesite-chrome if the brick were burnt. 
We did find a substantial difference between burnt and 
unburnt basic refractories, and our best results have been 
obtained when using chrome-magnesite unburnt brick 
of the internally plated type. 

Perhaps the most significant set of figures in Table A is 
the pounds of roof brick consumed per ton of steel pro- 
duced which is given including repairs. We did show 
some improvement over the original campaign in each 
of the subsequent campaigns. The unburnt tab brick 
resulted in the lowest roof brick consumption of any of 
the four furnace campaigns. 

The fuel consumption per ton was considerably better 
for the first 200 heats of each campaign than for the last 
200 heats and it may be concluded that it is uneconomical 
to wear the roof too thin, which may allow the furnace 
to lose too much heat through radiation. 

The production rate for each campaign is much better 
for the first 200 heats than it is for the average of the 
full campaign. We charge no hot metal at all and the 
proportion of pig iron is between 27% and 33%, depend- 
ing on the carbon content of the finished steel. 
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Table A—SUMMARY OF CAMPAIGN RESULTS 








No. 4 | No. 4 | No. 4 No. 1 
Furnace Furnace | Furnace Furnace 
Ist 2nd r Ist 
Campaign Campaign | Campaign | Campaign 
5.7.54- 28.3.55- 23.3.56- 7.3.56- 
1.3.55 11.3.56 | 24.12.56 11,2.57 
No. of heats 503 689 538 648 
Ingot tons 89,537 -5 121,923-7 95,331-2 113,941 
Roof thickness All 15 in. | Parti5in. All 15 in. All 15 in. 
slotted and 18 in. and 18 in. tab 
waffle; waffie 
balance slotted 
15 in. 
slotted 
*Repairs, % 3760 350 7258 = 5962 550 6143 48° 
roof area 10780 ~~ ’°| 10780 °' 10780 ° 12780 ~ 
Roof weight, 283 298 309 308 
1000 Ib 
Repairs weight, 60 163 123 97 
1000 Ib 
Roof brick total 343 461 432 405 
wt, 1000 
Roof brick, 3-84 3-79 4:54 3-55 
Ib/net ton 
Heatconsumed 4040 4090 4370 4330 
for heats 0- 
200, 1000 B.t.u. 
ton 
Heatconsumed 4790 | 4970 4690 5190 
for last 100 | 
heats, 1000 j 
B.t.u. ton 
Heatconsumed 4389 | 4689 4679 4765 
for total cam- 
paign, 1000 
B.t.u./ton 
Production for ; 16:5 16-6 16-7 15-9 
heats 0-200, 
tons/h 
Productionfor 15-0 14:9 14-4 14:3 
last 100 heats, 
tons/h 
Production for | 15-8 15-7 15-9 15-4 


total cam- | 
paign, tons/h | 











* Most patches 9 in., some 15-12 in. along skews 
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The first campaign on No. 4 furnace, during which 
503 heats were produced, resulted in a total basic brick 
consumption, excluding checkers, of 10-4 Ib per ton of 
steel produced. The second campaign, during which 
689 heats were produced, because of considerable roof 
replacement resulted in a total basic brick consumption, 
excluding checkers, of 12-3 lb/ton. The same figure 
for the third campaign was only 9-2 lb/ton, even though 
the roof-brick consumption was greater than during the 
other two campaigns. For the initial campaign on No. | 
furnace, the overall basic brick consumption, excluding 
the checkers, was 11-2 lb/ton. 

Our basic checker installations are still in the furnaces 
after about a year’s service so we do not know what the 
consumption will be or what has been gained by the use 
of basic capped checkers. 

Other more recent figures regarding our experience 
with all-basic furnaces that might be of interest are as 
follows: No. 1 furnace since the end of the last campaign 
has produced 25,104 tons at the rate of 16-1 net tons/h 
and the fuel consumption is about 4-5 million B.t.u./ton. 
No. 3 furnace, which is similar to No. 4 with a flat basic 
roof, has produced 61,209 tons at the rate of 14-9 tons/h 
with a fuel consumption about 4-8 million B.t.u./ton. 

The relatively high fuel consumption on No. 3 furnace 
may be due in part to the use of ribbed construction 
with the valley brick being only 12 in. long. Most of 
the valley bricks were replaced at the end of 249 heats 
with new 12-in. brick when the ribs which were originally 
18 in. were still 11—13 in. long. 


Monsieur L. G. Husson (Institut de Recherches de la 
Sidérurgie, France): What seems to stand out most 
clearly from the results in this paper is the confirmation 
of the fact that the better refractoriness of basic bricks 
is always connected with a lower thermal shock resistance 
especially noticeable in magnesite bricks. The capacity 
for bursting expansion caused by iron-oxide pick-up, 
which is more generally acknowledged in chromite 
bricks, seems less pronounced. It seems, therefore, that 
a chrome-containing brick is preferable. 

However, the shelling capacity remains a major 
trouble every time the roof is subjected to large changes 
of temperature, which is especially the case, as the 
Statistics Department of the United Steel Companies 
has shown,! in the furnaces charged with cold iron. The 
good performance of the Bilston roof, where temperature 
has not varied much, seems to confirm this interpretation. 

[ should like to know whether any other factor has 
influenced this furnace, and, on the other hand, how it has 
been possible to keep such an equal temperature through- 
out the campaign of a furnace, even partly charged with 
liquid iron. 


Dr. D. F. MeVittie (Hadfields Ltd.): The results of 
the trials are clearly and concisely reported in the paper; 
of especial interest are the remarks on the failure of the 
roof bricks by slabbing. This is encountered wherever 
basic bricks are exposed to high temperatures combined 
with the presence of iron oxide and lime-bearing slags. 
There has been work on the probable mechanism of the 
failure of basic bricks by slabbing, and it is felt that there 
has been an oversight on the part of the authors in not 
referring the present conclusions to the earlier work on 
the matter. 

Hugill and Green,? employing a technique of section- 
ing used bricks, came to the conclusion that the con- 
centration of a low-melting-point phase behind the 
working face of a chrome-magnesite brick contributed to 
failure by slabbing. These workers suggested that 
enstatite, formed as a result of interaction of ferric 
oxide with forsterite, was a probable phase fulfilling 
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the required properties. Although recognizing the 
presence of lime, they ignored it as significant in reactions 
leading to failure of the brick in service. Hayman* 
postulated that some low-melting-point compound con- 
taining lime and silica was playing an important role in 
the destruction of chrome-magnesite bricks in basic O.H. 
furnaces. 

Rait,* following the work of Hugill and Green, criti- 
cized their theory on chemical grounds, showing theo- 
retically that enstatite was not likely to be formed in 
the presence of lime which would react preferentially 
with the forsterite to form monticellite. He supported 
their theory of the concentration of low-melting-point 
liquid in the pores of the brick and identified the presence 
of substantial quantities of monticellite in a zone 14-3 in. 
behind the working faces of bricks taken from a basic 
roof and also from the side walls of basic electric furn- 
aces. The failure of these samples was due to the migra- 
tion of monticellite-rich low-melting-point liquid from 
the working face to a zone that was at a temperature 
roughly that of the freezing point of the mixture. The 
bricks were substantially weakened in this zone of 
monticellite concentration and failed because of a low 
hot strength. Lron-oxide absorption which causes a 
swelling of some chrome spinel grains was not in itself 
responsible for failure. 

The present work on basic roofs has confirmed these 
earlier observations on the concentration of lime and silica 
behind the working face and that the concentrations of 
these constituents show maxima in or near the zone of 
crack or hot tear formation. The occurrence of monti- 
cellite concentration in this zone has been noted in most 
cases. The present authors also conclude that the iron- 
oxide bursting tendency is not a critical property in the 
durability of the basic roof. 

It would appear that it is now time for a reconsidera- 
tion of the available thermal equilibrium diagrams, 
as they can yield much information on the chemical 
trends persisting in a brick of the type to be preferred in 
the all-basic furnace together with a theoretically desir- 
able constitution. Indeed, Rait* has suggested a 
theoretical constitution which appears to have passed 
without comment. In a chrome-magnesite brick the 
chrome grains may be considered to be chemically inert 
except in so far as they react with oxide at the working 
face. Thesystem to be considered relevant to the matrix 
is CaO, MgO, SiO,; Al,O, and Fe,O, may also be present 
in association with the magnesia or the gangue of the 
chrome ore. Compounds of these materials which have 
been detected in the matrix of the bricks used in the 
present trials are forsterite, monticellite, merwinite, and 
di- and tri-calcium silicates. 

Magnesia is present in excess with respect to the other 
matrix constituents, the total lime increases during the 
working life of the brick, and the total silica content is 
substantially constant. The iron and alumina tend to 
be removed from the matrix and to enter into solid 
solution as spinels. The quantity of monticellite which 
can be formed is determined by the original silica content 
and as additional lime is apparently always picked up by 
the brick, the presence of forsterite is a potential source 
of monticellite by interaction with lime and magnesia. 

Logically, therefore, a reduction in the silica content 
of the matrix must be regarded as desirable both from 
the point of view of forming the lowest possible amount 
of monticellite and in preserving a high lime/silica ratio 
which would result in a tendency for monticellite forma- 
tion to be suppressed and enhance the formation of the 
higher lime containing compounds. Ideally the attain- 
ment of a high lime/silica ratio should be accompanied 
by a reduction as far as possible in the initial lime content 
of the bricks, as there is a possibility that the higher 
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lime-bearing silicates may form low-melting-point mix- 
tures with other constituents such as MA-—MF spinels 
in the matrix. However, as lime appears to be inevit- 
ably absorbed from the furnace atmosphere a removal of 
lime from the brick batch would give only an initial 
advantage. It seems very probable, however, that the 
amount of lime that would be absorbed by the brick 
would be considerably reduced if the silica content was 
kept to a minimum. 

Reduction of the silica content of the brick batch would 
probably cause difficulties in producing a bond in the 
brick and it would be necessary for higher firing tempera- 
tures to be employed. The addition of iron oxide to 
the brick batch could assist in the development of a 
ferrite bond with the magnesia and this addition is 
reputed also to reduce the bursting tendency of the 
fired brick. 

Bricks from the Bilston roof contained appreciable 
quantities of merwinite and di- and tri-calcium silicates 
with a small amount of monticellite, showing the effects 
of a high lime/silica ratio. The high lime/silica ratio, in 
this instance, is due to the long period of service and the 
concomitant accumulation of lime from the furnace 
atmosphere, although the original lime/silica ratio was 
the highest of any of the bricks used in the trials. 

The interpretation of the excellent Bilston results 
from composition changes is not strictly possible 
because of the different manner of working this furnace 
compared with the others in the trial. The reduced 
thermal fluctuations no doubt account for much of the 
enhanced life especially in the early stages when the 
changes in the nature of the roof bricks must have been 
similar to those in the other roofs. The basic roof in the 
present stage of development is probably best represented 
as a mechanical problem of two independent roofs 
separated by a plastic zone. For steady temperatures 
the structure is stable but temperature fluctuations 
induce mechanical stresses between the inner roof 
formed by the working face and the upper roof of 
unchanged brick. These stresses cannot be borne by the 
plastic zone which yields, giving rise to slabbing. The 
effect of iron-oxide swelling may help to keep the inner 
face intact by counteracting any tendency to shrinkage 
of the brick face at temperature. 

Methods of calculation of the amount of liquid forma- 
tion in a brick of known composition are available,* 
and it is suggested that use be made of these, together 
with appropriate phase diagrams, in pursuing the best 
type of brick for use in the roof of an O.H. furnace. 

The results of the present trials have shown very 
little difference in behaviour due to the chemical compo- 
sition of the brick but great differences in the performance 
of the same brick under different working conditions. 
The fact should be borne in mind that it may be necessary 
to change working methods to take full advantage of a 
basic refractory roof even if the slabbing tendency can 
be minimized. 


Mr. A. K. Moore (Steel Company of Canada Ltd.) 
Present-day trials of basic roofs in North America can 
be considered to date from the early 1940’s, when The 
Steel Company of Canada ran a series of six or seven 
roofs, and South Works of the United States Steel 
Corporation commenced a series of roofs which has been 
uninterrupted to date. Also within the last two or three 
years Keystone Steel and Wire, Inland Steel Company, 
and Republic Steel Corporation have started production 
experiments on basic roofs, the preliminary results of 
which, with South Works’ long-term results, were 
reported in April. 

These trials have all been conducted independently 
by the companies concerned. However, the exchange 
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of information has been very free, and a fair judgment 
of results to date can be made. Parallel conclusions 
to those in the paper are drawn from the North American 
experience. 

The most effective means of minimizing hot load so 
far appear to be the springing of the skewback channels 
to allow for brick growth without increasing stress. 
There seems to be general agreement on the minimum 
operating temperature of 2150° F (1180° C). 

I do not think North American practice would dis- 
agree with the paper on the point of producing maximum 
volume stability with maximum hot load-strength. 
However, with attention being paid to the minimizing 
of the load as mentioned above it has not generally 
been found that with this roof design the brick of the 
best hot load-strength necessarily produces the best 
results. 

So far, with full suspension and minimum brick 
loading, the weight of experience here seems to be 
in favour of chemically bonded brick, particularly 
brick with two internal steel plates, and steel-plated on 
four sides. 

With the common roof design plus the last-mentioned 
brick design some gain has been made in decreasing 
the frequency of spalling and, with proper minimum 
temperatures being observed, reducing the average 
depth of spall to less than 1 in. 

The economic consideration with basic roofs at any 
given time depends to a large extent on the individual 
plant, on the accepted operating practice at each plant, 
and on the prospective ingot demand. 

South Works, with the longest experience in this field, 
seems to feel that a strong economic case can be made for 
the basic roof in their system. Keystone Steel and Wire 
lean towards the same view but still feel that roof design 
can be improved. Inland Steel is not yet ready to draw 
any conclusions, neither is Republic. 

My own opinion is that, given no marked improvement 
in brick quality, the adoption of basic roof construction 
depends largely on obtaining a difference in cost which 
can be balanced by the extra production obtainable 
only without being forced to operate the furnace too 
far beyond its efficient period. I support this opinion 
by our own trial results, wherein, to obtain a roof life 
which would keep the cost of materials within sight of a 
silica-roof cost, we reduced our average furnace efficiency 
over the campaign to the point that the extra production 
was insufficient to cancel the cost difference. 


Monsieur Husson: In France we decided to test 
the double-E brick. This gave a life longer than our 
average, but within the range of the maximum and 
minimum and was thus inconclusive. Another trial is 
being made to find out whether there is much difference 
between the suspended design and the usual Continental 
system. One furnace was changed to suspended con- 
struction and has just finished a first campaign. After 
four or five campaigns a conclusion will be drawn. I 
doubt if the difference will be great, although at the 
moment the trial roof is slightly better. 

This appears to contradict claims that furnace con- 
struction is important. It may, however, emphasize 
the role of temperature fluctuation, and to examine this 
in more detail we have decided to install thermocouples 
in at least one roof so that an accurate record may be 
obtained. 0 


Mr. J. Mackenzie (United Steel Companies, Ltd.): At 
the Templeborough works of Steel, Peech and Tozer a 
test rig has been built to study various basic roof designs 
and the effect of temperature variations on the refrac- 
tories. This rig is a full transverse section of a 100-ton 
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fixed furnace and is capable of being heated to and main- 
tained at 1700°C. Detailed results will be published 
when the programme of tests is completed. It is, how- 
ever, already clear that the effect of variation in tempera- 
ture—in this case between 1700° and 1100° C—is an 
overriding factor in cracking behind the hot face of the 
roof refractories. The roof designs so far used (Bilston, 
Templeborough, and the fixed skewback design of 
Appleby-Frodingham) are of secondary influence. Con- 
trol of this operating variable of wide roof-temperature 
fluctuation is thus most important. Fettling with fuel 
on is a prerequisite of success. 





Mr. Sommer: No one has brought up the question of 
the effect of roof contour on the life of the all-basic roof. 
Following my contribution in which we show a flat 
roof and also a roof with arched contour, I felt sure that 
someone would ask which was the better. My answer 
would necessarily be that we do not yet know, owing 
to lack of experience. We have come to the conclusion 
that we do not want the same amount of rise in a basic 
main roof as we have in silica. We feel that we will 
get the best results with about half the normal rise of a 
silica roof in a basic roof that is fully suspended and 
arched as compared with a flat basic roof. In some of 
the trial roofs discussed in the paper there was excessive 
wear of the roof along the front wall and backwall, just 
as usually takes place in a standard silica furnace. 
Someone here may have made similar observations; 
consideration should be given to making the roofs thicker 
in these areas or putting in a ‘ drop section ’ in the roof 
along the front and back walls. Using a different rise 
in a fully suspended basic roof as compared to that used 
normally in a silica roof may eliminate some of the roof 
failure along the front and back walls. 


CORRESPONDENCE 
Dr. A. H. Leckie (Iron and Steel Board) wrote: All 


through the series of trials one furnace has shown a 
remarkably long roof life. This is the ‘A’ furnace at 
Bilston, and one reason, as the report points out, is the 
high roof-temperature maintained throughout, including 
the fettling periods. I should like to suggest an addi- 
tional reason for the absence of chilling and its adverse 
effect on roof life. 
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We all know how the interior of an O.H. furnace cools 
during charging of cold material, and how difficult it is 
to avoid this, even with hard driving with high heat 
inputs. The Bilston furnace must be subject to less 
chilling during the cold-charging period than the other 
all-basic furnaces, assuming a measure of the degree of 
chilling is given by the roof area in relation to the tons 
of cold metal charged. The exact roof area is not given, 
but assuming a rough measure of this is the roof length 
between burner tips multiplied by the span (as given in 
Tables I-III) the area of the Bilston ‘A’ furnace is 
about 975 ft?. The average weight of cold material in 
the charge is 37 tons, so the ‘exposure’ of the roof to 
cold material can be expressed as 85 lb/ft? of roof, 
averaged over the charging period. 

The other furnaces have * exposures ’, similarly calcu- 
lated, of between 175 and 275 lb/ft?. Their roofs must 
be chilled more severely during charging (assuming the 
firing rates are comparable size for size) and it is there- 
fore not surprising that the life of the basic roofs built 
on these furnaces has been shorter than at Bilston. 

Of course, the low * exposure ratio’ means that the 
Bilston furnace has a large surface for the weight of 
steel contained, so the fuel consumption per ton will 
be correspondingly higher. If this furnace were to be 
rebuilt to more normal standards of size in relation to 
the charge weight one might well find that the roof life 
would be shorter, and nearer (in terms of number of 
heats) to the life achieved by the other furnaces included 
in the trials. 


Mr. H. Parnham (General Refractories Ltd.) wrote: 
Many theories have been put forward to explain flaking 
of the hot ends of basic bricks in roofs; these include 
thermal spalling, permanent expansion, permanent 
shrinkage, stresses set up during heating and cooling, 
migration of fluxes setting up zones of differential ex- 
pansion characteristics, and iron-oxide bursting, How- 
ever, recent laboratory work tends to show that bricks 
free to move can be cracked in the absence of any of these 
mechanisms, simply by rapid heating and cooling. 
From these observations it is clear that bricks are cracked 
very early in their life in the furnace and many of the 
reasons previously put forward can now only be con- 
sidered as contributory factors of a minor nature. 

In my opinion the cracks occurring near the hot face 
are due simply to the inability of the bricks to conform 
to the new shape requirements brought about by the 
fact that it is heated to a relatively high temperature 
on one face whilst the opposite face is relatively cool. 

If we consider a brick 15 in. long by 4 in. square 
when cold and then recalculate its new shape when sub- 
jected to temperatures of 1700° C at the hot face and 
200° C at the cool face, it will be found that it is mathe- 
matically impossible for the brick to exist under such 
conditions without cracking. It can be shown that 
the degree of cracking is a function of the cross-section 
of the brick: the larger the section the greater the 
crack. 

From Fig. C it will be seen that AB has expanded 
0-008 in. whilst CD has expanded 0-068 in. Also b¢ 
(or AD) has expanded from 15 in. to 15-1425 in. In 
order that B’C’ (or A’D’) should be free from cracks 
or strain it would need to measure: 

a/ (15-1425)? + (0-032)? = 15-142534 

But B’C’ (or A’D’) is only 15-1425 in. long, therefore 
it is obvious that a crack or fracture will occur on 
B’C’ (or A’D’) or on D’C’ to compensate on 6’C’; this 
will amount to 0-000034 in. 

So far only one plane face has been considered, but 
it should be noted that a brick of square (or rectangular) 
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cross-section, on being heated under the conditions 
described, will try to form a frustrum ofa square pyramid. 

It may be argued that a crack of 0-000034 in. is not 
large; however, it is thought that on repeated heating 
and cooling this opens up until the section is detached 
from the parent brick. 

This emphasizes the importance of shape and size 
factors and goes some way towards explaining the success 
of the metal-cased bricks with internal plates designed 
to reduce the cross-sectional area of unit sections. 

Mr. W. 8. Debenham (United States Steel Corporation) 
wrote: One type of brick has generally given better 
results here, both on our curved roof at South Chicago 
and on some of the flat roofs installed more recently. 
This is the unburnt chrome-magnesite with two internal 
plates. Since all British bricks in this study were burnt, 
and presumably only externally plated, it seems that 
the choice did not include what may be the biggest factor 
influencing brick performance, i.e. the internal plates. 
This is suggested because the performance of our chrome- 
magnesite brick improved progressively as internal plates 
were added, although it was recognized as a good roof- 
brick initially. 

It is thought that the chrome ore constituent is 
primarily a trouble-maker although it minimizes the 
spalling tendency of the magnesite. We are exploring 
to what extent the chrome can be reduced. Several 
years ago we tried a 96% MgO brick and had a snow- 
storm of spalls; we also tried a magnesite brick with 
8% chrome ore with the same results. We experi- 
mented no further until we took a British magnesite- 
chrome brick, a similar U.S. product, and an Austrian 
chrome-magnesite brick and put them all in one main 
roof, with the port roofs of the internally plated chrome- 
magnesite brick we were using regularly. The Austrian 
brick soon failed, but the two magnesite-chrome bricks 
did a very creditable and comparable job, finishing the 
campaign with a thickness about equal to the port roof- 
brick with the internal plates. 

This made us ask if magnesite-chrome bricks were as 
capable of improvement with internal plates as were 
chrome-magnesite, so we tried a panel of 60—40 magne- 
site-chrome with two internal plates, across the centre 
of the roof. This section withstood 344 heats without 
repair and was promisingly thicker at the end of the 
campaign than the similar chrome-magnesite brick. Our 
last roof now in service has a similar panel of 70-30 
magnesite-chrome and looks quite good after about 
100 heats. 

Experiments will probably be fewer in the immediate 
future as we find our costs have been reduced with the 
all-basic furnace. Even so, at our present stage, all of 
us who have worked on this furnace for the past ten years 
feel certain that it is now a going concern which will 
produce steel 15% faster, and more cheaply than a 
silica furnace. 

As to design, our experience has been solely with the 
lightly loaded, Detrick-suspended curved roof, whilst 
all but one of the additional nine basic roofs built in the 
past two or three years have been flat. We are so far 
satisfied that our curved basic roof will last as long as 
a flat roof, but undoubtedly a clearer picture will be 
obtainable in another year or two. It seems certain 
that more all-basic furnaces will be built, and it is pre- 
dicted that the current trend to higher roofs will be 
continued. 


AUTHOR’S REPLY 


Dr. J. H. Chesters (United Steel Companies, Ltd.) 
in replying to the discussion: I do not know of any field 
in which so much good research has been done with 
so little influence on practice. A voluminous report 
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of the work of the All-Basic Furnace Sub-Committee 
was issued by The Iron and Steel Institute in 1952. 
This was followed by the present intensive series of trials 
and laboratory testing, yet nothing has been revealed 
which would enable us to make a substantially better 
brick than was available even before the war. 

It was first thought that the observed spalling was a 
matter of thermal shock, not a problem with silica once 
a minimum temperature of 600° C had been exceeded. 
As a result of much research, bricks having good thermal 
shock properties, at least in the low-temperature range, 
were produced, but this did not prove a complete answer. 
It was subsequently noted that extraordinary expansion 
of chrome-magnesite bricks could occur when they 
absorbed iron oxide, and this so-called bursting expansion 
was thought to be the cause of short lives, but in the 
present series of trials no correlation was found between 
bursting and roof life. A third suggestion, strongly 
supported by Dr. Rait, was that spalling was due to the 
formation of a flux-rich zone behind the working face, 
which in turn was due to the migration of fluxes. This 
too may be a factor, but does not explain why bricks 
having similar chemical compositions give 200 heats in 
one furnace and 2000 in another. 

Then came the work of Professor Roberts of Leeds, 
who showed that any basic brick tended to creep appreci- 
ably above 1300° C, and that fracture might be expected 
even though no steel was made. 

Finally, it has been suggested more recently that our 
troubles are due to high-temperature shrinkage, the 
operating levels being far above those experienced in the 
brick kiln. It is true that in the present series of trials 
the best results were obtained with bricks showing a 
low shrinkage at high temperatures, but here again the 
correlation in no way explains the lives obtained. 

The trials now starting at Appleby-Frodingham may 
well throw light on these problems, since it is proposed 
to carry out tests on different qualities on a number of 
furnaces, but I would suggest that no one is as yet in a 
position to explain the fact that with these furnaces a 
life of about three months must be considered good, 
whereas at Bilston a precisely similar brick gives a life 
of nearer two years. In this connection Dr. Leckie’s 
remarks are most interesting. 

The Committee are greatly appreciative of the response 
which their work has aroused. They are conscious that 
much remains to be done in sorting conflicting evidence 
and deciding between the merits of different types of 
refractories and designs. Their aim remains as it always 
has been, to provide the material and knowledge to make 
more, better, and cheaper steel. 


REFERENCES 


1. J. H. CuHestTers: Jron Steel, 1957, vol. 30, March, 
pp. 87-93. 

2. W. Hueinn and A. T. GREEN: Trans. Brit. Ceram. 
Soc., 1938, vol. 37, pp. 279-288. 

3. J. C. HAYMAN: IJbid., 1939, vol. 38, pp. 536-553. 

4. J. R. Rait: “ Basic Refractories ’’: 1950, London, 
lliffe and Son Ltd. 

. W. F. Forp and J. R. Ratt: J. West Scotland Iron 
Steel Inst., 1951, vol. 59, pp. 11-30. 


or 





Spanish Blast-furnace Plant 


Head Wrightson and Co., Ltd., have recently com- 
pleted their share of the new iron and steelworks at 
Avilés in Spain. A complete ore-handling, bedding, 
sinter, blast-furnace, and gas-cleaning plant has been 
supplied and installed during the past three years. The 
.furnace, which is of 27ft hearth dia., is one of the largest 
in Europe. 
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Arthur Dorman, M..A., J.P. 


Mr. Arthur Dorman, President of The Iron and Steel 
Institute in 1944-1946, died on 8th September, 1957. 

Arthur Dorman was born at Norton-on-Tees in 1881, 
the youngest son of Sir Arthur John Dorman, Bt., joint 
founder of the company which bears his name. He was 
educated at Rugby and Cambridge, and started his 
business career with Dorman, Long and Co., Ltd. in 
1903; he was elected a Director in 1908. After service in 
the first World War, during which he was mentioned in 
dispatches, Mr. Dorman returned to Dorman, Long’s, 
and was appointed Managing Director in 1923. He 
became Vice-Chairman in 1931 and Commercial Director 
three years later, a post which he held until 1948. He 
retired from the Board at the beginning of this year. 

In addition to his close connection with Dorman, 
Long’s, Mr. Dorman also served on the Boards of a 
number of other companies, including Redpath, Brown 
and Co., Ltd., Tees Side Bridge and Engineering Works 
Ltd., and Darlington and Simpson Rolling Mills Ltd. He 
was Chairman of Pearson and Dorman Long Ltd., and 
Vice-Chairman of the British Iron and Steel Corporation 
Ltd. 

Mr. Dorman played a very active part in local affairs; 
he was connected closely with the Cleveland Ironmasters’ 
Association, the Cleveland Mine Owners’ Association, 
the Tees Side Chamber of Commerce, and the Cleveland 
Institution of Engineers. He was a Justice of the Peace 
for the North Riding of Yorkshire and an Officer of the 
Order of St. John of Jerusalem. He was also a leading 
figure in national organizations; he served as President 
of the National Federation of Iron and Steel Manu- 
facturers (now the British Iron and Steel Federation) 
from 1923 to 1924, and was a member of its Executive 
Committee for a number of years. He was a Past- 
President of the National Confederation of Employers’ 
Organizations (now the British Employers’ Confedera- 
tion) and a Vice-President of the Federation of British 
Industries. 

Mr. Dorman’s connection with the Institute began in 
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1908, when he was elected a Member; he became a Mem- 
ber of Council in 1925 and a Vice-President in 1932. He 
served as President of the Institute from 1944 to 1946. 


Gerald Steel, C.B.E., J.P. 


Mr. Gerald Steel, C.B.E., a Vice-President of the Iron 
and Steel Institute, died at his home in Wimbledon on 
13th September, 1957. 

Gerald Steel, who was 63, was educated at Charter- 
house and Oriel College, Oxford. He served throughout 
the First World War in the Royal Fusiliers and the 
King’s African Rifles, and joined the Steel, Peech and 
Tozer branch of the newly formed United Steel Companies 
Ltd. in 1919. After gaining experience in a variety of 
posts at different branches of the group, he went to India 
in 1928 to form The United Steel Companies (India) Ltd., 
being appointed Managing Director of the new company. 
He returned to the U.K. in 1932 to become Director and 
General Manager of Samuel Fox and Co., Ltd. He was 
appointed a Director of The United Steel Companies 
Ltd. in 1941, and then became successively Assistant 
Managing Director, Joint Managing Director, Managing 
Director, and in 1954, General Managing Director. 

Mr. Steel served on a number of national bodies, and 
was President-Elect of the British Iron and Steel Federa- 
tion at the time of his death. He served also on the 
British Steel Producers’ Conference, and was Chairman 
of the Central Council of Iron and Steel Employers’ 
Associations. He was keenly interested in industrial 
education, and played a prominent part in the formation 
of the Federation’s Training Committee, of which he was 
the first Chairman. 

For a number of years, Mr. Steel was a member of 
the Social and Industrial Council established under the 
chairmanship of the Archbishop of Canterbury. He was 
formerly a Church Burgess for Sheffield and Chairman ot 
the Church Extension Committee of the Sheffield Diocese. 
He was appointed a Justice of the Peace in 1941 and 
subsequently became Chairman of the Upper Strafforth 
and Tickhill bench. In the 1956 New Year Honours he 
was created C.B.E. 

In 1942 Mr. Steel joined The Iron and Steel Institute, 
becoming a Member of Council two years later. He was 
elected a Vice-President in 1948. 





History of the lron 


This month the ‘‘ History of the Iron and Steel In- 
dustry in Great Britain from ec. 450 B.c. to A.D. 1775”, 
by Dr. H. R. Schubert, is being published by Routledge 
and Kegan Paul Ltd. Dr. Schubert has been Historical 
Investigator of The Iron and Steel Institute for the past 
eleven years, and his ‘‘ Historical Notes,’’ which have 
appeared from time to time in the Journal, are indica- 
tive of the value of his new work. 

It is the first comprehensive history of British iron 
and steelmaking from its earliest appearance in pre- 
historic times up to the introduction of steam power in 
the late eighteenth century. The period covered is 
essentially marked by the use of charcoal as fuel. The 
evolution of furnaces, mechanical devices, and methods 
is based on much documentary evidence published for 
the first time. The development of the industry in 
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and Steel Industry 


Great Britain is described in two parts, distinguished 
from one another by a change in the process which began 
after 1490. In the early period malleable iron was 
extracted from the ore directly in small bloomeries; 
peak periods in this production occurred in the later 
Roman period and during the medieval renaissance. 
The second part of the book deals with the evolution of 
a new process in which iron was produced first as cast 
or pig iron in blast-furnaces and then converted to 
malleable iron in forges. 

The book is copiously illustrated, with 21 pages of 
plates, 36 figures, and 11 maps. Its published price is 
60s., but Members of the Institute may obtain copies at 
the reduced price of 50s. by using the special order form 
which is enclosed with this issue of the Journal. 
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Announcements and News of Science and Industry 








THE IRON AND STEEL INSTITUTE 


President-Elect 


It was announced at the Autumn General Meeting 
on 24th September that the Council had nominated 
Mr. C. R. Wheeler, c.B.£., Vice-President, for election as 
President, to take office at the Annual General Meeting 
in 1958 and to serve for one year. 


Changes on Council 
The following changes on Council were announced at 
the Autumn General Meeting: 
Elected Honorary Vice-Presidents 
Mr. D. F. Campbell (Member 1910, Member of Council 
1946, Vice-President 1954) 
Mr. I. F. L. Elliot (Member 1924, Member of Council 
1935, Vice-President 1951) 
Mr. G. H. Latham (Member 1936, Member of Council 
1940, Vice-President 1946) 
Elected Ordinary Member of Council 
Lieut. Comd. G. W. Wells, R.N. (RETD). 


Siemens Centenary 


At the Autumn General Meeting, the President, Mr. 
A. H. Ingen-Housz, said: ‘*‘ Modern iron and steelmaking 
is now 100 years old. Most of the inventions were first 
developed in this country. Last year we celebrated the 
centenary of the Bessemer process. At the Annual 
Meeting this year tribute was paid to Edward Alfred 
Cowper.” 

** There has been some doubt as to the date when the 
achievements of the Siemens brothers can most suitably 
be celebrated. This is natural because their inventions, 
like most other inventions, took time to develop and 
apply.” 

“The patent for the regenerative furnace was taken 
out by Friedrich Siemens in 1856. This was the occasion 
of an interesting article in Stahl und Eisen last year; 
incidentally, this article gives full credit also to the 
Scotsmen, Robert and James Stirling, who seem to have 
been the first to think of the regenerative principle. 
Their patents date from 1816 and the following years and 
from 1845. However, as so often happens, the idea was 
premature. It proved still-born as far as application 
in industry was concerned.” 

“Werner, Friedrich, and Hans Siemens used the 
regenerative furnace to revolutionize the manufacture 
of glass. Wilhelm Siemens, on the contrary, had from 
the beginning thought of applying the new furnace to 
steelmaking. As the Dictionary of National Biography 
states, ‘The first practical application of the new (i.e. 
regenerative) furnace was to the melting and reheating 
of steel in 1857 ’, i.e. just 100 years ago. In my opinion, 
however, the operative year for the steel industry is 
1863, when Pierre Martin took out a licence, and he 
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and his son Emile smelted steel in a small open-hearth 
furnace at Sireuil, near Angouléme. This was the 
beginning of the Siemens—Martin process—‘ the dis- 
solution of wrought iron and scrap in a bath of pig iron’ 
(J. Iron Steel Inst., 1883, No. II, p. 653) in an oxidizing 
atmosphere. At the Paris Exhibition of 1867 the 
Martins won a gold medal for this process, as did the 
Siemens brothers for their furnace.” 

**In the meantime William Siemens (he had been 
naturalized in 1859) continued his own experiments. 
By 1867 the Siemens ore process had been worked out. 
Since then the supremacy of open-hearth steelmaking 
has never seriously been challenged. It will be inter- 
esting to follow the progress of the new processes which 
have been developed in the last few years.” 

‘* It is now 80 years since in 1877 (Sir) William Siemens, 
one of the founders of our Institute, became the fifth 
President. We remember with respectful humility the 
achievements of our predecessors.”’ 

The centenary of the Siemens—Martin process will be 
celebrated by The Iron and Steel Institute in 1963. 


Joint Meeting in Sheffield 


The Iron and Steel Institute is holding a Joint Meeting 
with the Sheffield Society of Engineers and Metallurgists 
and the Sheffield Metallurgical Association in Sheffield 
on Thursday, 28th November, at 2.15 p.m. Four papers, 
details of which were given in the September issue of the 
Journal (p. 55), are being presented and discussed. 
The meeting is being held at the University. 

Following the Joint Meeting, the Tenth Hatfield 
Memorial Lecture is being delivered in the Firth Hall 
of the University at 6.30 p.m. The lecturer will be 
Professor Paul Bastien, Director of Research, Société 
des Forges et Ateliers du Creusot, who has chosen as his 
subject ‘ The Mechanism of Formation of Banded 
Structures in Steel.” Applications for tickets for the 
Lecture should be sent to the Registrar, The University, 
Sheffield 10. It is hoped to publish the text of the 
Lecture in the December issue of the’ Journal. 


NEWS OF MEMBERS 


Mr. G. F. Abraham has been appointed Technical 
Service Manager of General Refractories Ltd. 

Mr. P. Binder has been awarded the degree of B.Sc. 
in Applied Science (Metallurgy). 

Mr. E. C. Brampton has been appointed North Western 
Area Manager of General Refractories Ltd. 

Dr. John Chipman has been awarded the Gold Medal 
of the American Society for Metals in recognition of 
“his gifted teaching and inspired research.” 

. Mr. T. Collén is now Vice Managing Director of AB 
Akers Styckebruk, Sweden. 

Mr. D. Hall has joined Low Moor Alloy Steelworks 
Ltd. and Yorkshire Rolling Mills Ltd. as General Works 
Manager. 
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Mr. R. J. Harbord has joined Riley, Harbord and 
Law as a partner. 

Mr. H. M. Henderson, General Sales Manager of The 
United Steel Companies, Ltd., is leaving the U.K. to 
take charge of the company’s interests in Patchett 
Steel Construction (Pty.) Ltd. of Capetown. 

Mr. H. Hoffstedt has joined Jernkontoret as a metal- 
lurgist. 

Mr. E. N. Hower is now Vice-President of Charles T. 
Brandt, Inc., Baltimore, Pa., U.S.A. 

Dr. W. Hume-Rothery, F.R.s., has been made an Honor- 
ary Life Member of the American Society for Metals. 

Mr. H. G. Jones, formerly Operational Research 
Manager in the Steel Company of Wales Ltd., is now 
Deputy Head of the Dounreay Laboratories of the U.K. 
Atomic Energy Authority. 

Mr. §. Leetch, m.c., has retired from the position of 
Works Controller of Hadfields Ltd. 

Mr. H. Marshall is now with the Melting Shops Depart- 
ment of the Appleby-Frodingham Steel Company. 

Dr. J. W. Martin has been appointed University 
Lecturer in Metallurgy at Oxford. 

Dr. 0. T. Marzke has been appointed Vice-President, 
Fundamental Research, of the United States Steel 
Corporation. 

Mr. J. A. Meredith has joined I.C.I. Ltd., Billingham 
Division. 

Professor T. Mishima is the recipient of this year’s 
Albert Sauveur Achievement Award, given annually 
by the American Society for Metals. 

Dr. W. S. Owen has returned from the Massachusetts 
Institute of Technology to take up the Henry Bell 
Wortley Chair of Metallurgy at the University of Liver- 
001. 

Mr. A. J. Peech has been appointed General Managing 
Director of The United Steel Companies Ltd. in succes- 
sion to the late Mr. Gerald Steel. 

Sir Frederick Pickworth is the new Master Cutler. 

Mr. E. Julian Pode has been appointed a Director of 
Guest Keen and Nettlefolds Ltd. 

Mr. R. C. Powell has been appointed Chief Metallurgist 
of the Ebbw Vale Section of Richard Thomas and 
Baldwins Ltd. in succession to the late Mr. W. H. R. Bird. 

Dr. J. R. Rait, Research Controller of Hadfields Ltd., 
has resigned that position to become Joint Managing 
Director of Briton Ferry Steel Co., Ltd. 

Professor F, N. Rhines is one of the recipients of the 
Henry Marion Howe Medal of the American Society for 
Medals, awarded for the scientific paper of highest merit 
presented at the Society’s Annual Convention. 

Mr. A. A. ©. Robertson is now Chief Engineer of 
Air Products (Great Britain) Ltd. 

Mr. W. Rutherford has left Melbourne Iron and Steel 
Mills Pty. Ltd. to become General Manager and Director 
of Allied Ironfounders Pty. Ltd., Clayton, Victoria. 

Sir Frederick Scopes has succeeded Mr. A. G. Stewart 
as Chairman of The Stanton Ironworks Co., Ltd. 

Dr. A. L. Sutton has left the G.E.C. Research Labora- 
tories to join the U.K. Atomic Energy Authority 
(Industrial Group), Culcheth, in the Metallurgical 
Laboratories. 

Mr. R. W. Treasure is now Assistant Mechanical Engin- 
eer at the Bell Bay, Tasmania, plant of the Australian 
Aluminium Production Commission. 


Obituary 
Mr. William Herbert Richard Bird, m.a., B.sc. (elected 
1939), of Ebbw Vale, on 29th August, 1957. 
Mr. Arthur Dorman, m.a. (Past-President; elected 1908), 
of London, on 8th September, 1957. 
Mr. Gerald Steel, c.n.z., 3.p. (Vice-President; elected 
1942), of Wimbledon, on 13th September, 1957. 
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Mr. William Ivan Walters (clected 1944), of Croydon, 
on 13th April, 1957. 

(Obituary notices of Mr. Dorman and Mr. Steel appear 
on p. 239 of this issue). 


CONTRIBUTORS TO THE JOURNAL 


G. R. Booker, sB.sc., A.rnst.p.—Senior Research 
Physicist, Central Research Laboratories, Richard 
Thomas and Baldwins Ltd., Whitchurch, Aylesbury, 
Bucks. 

Mr. Booker attended the 
County Secondary School, 
Sandown, Isle of Wight, 


from 1939 to 1944, and 
then went to University 
College, Southampton, 


where he obtained a Lon- 
don University External 
B.Sc. (General) in 1946, and 
a B.Sc. (Special Physics) in 
the following year. From 
1947 to 1954 he was with 
the Research Department 
of Metropolitan-Vickers 
Electrical Co., Ltd., Man- 
chester, engaged on instru- 
mental and research prob- 
lems associated with electron microscopy. He was 
given leave of absence from 1951 to 1952 to enable him 
to visit and work in several university and industrial 
research laboratories in the U.S.A., under the auspices 
of the Mutual Security Agency. Mr. Booker took up 
his present position in 1954. 

M. A. H. Howes, M.sc.(ENG.), A.C.T.(BIRM.), A.I.M.— 
Senior Research Metallurgist, Joseph Lucas Ltd., 
Birmingham. ‘ 

Mr. Howes was born at Birmingham in 1930 and edu- 
cated at Handsworth Grammar School. He joined 
Joseph Lucas Ltd. in 1947 and served an engineering 
apprenticeship. In 1954 he was awarded an external 
London University degree in metallurgy, and two years 
later obtained his M.Sc. for work on salt baths for heat- 
treatment. 

E. Mitchell, a.c.1.(prrM.), ¥F.1.m.—Heat Treatment 
Development Engineer, Joseph Lucas, Ltd., Birmingham 

Mr. Mitchell was born at Birmingham in 1916 and 
received his technical education at Handsworth Tech- 
nical College and at the Birmingham College of Tech- 
nology, where he was awarded an Associateship. Before 
joining his present company, he gained experience in 
a number of other Birmingham works. He is a Fellow 
of The Institution of Metallurgists and serves on the 
Metallurgical Advisory Committee of the College of 
Technology. 





G. R. Booker 





M. A. H. Howes E, Mitchell 
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J. Noroury A. L. Sutton 


J. Norbury, B.Sc., PH.D., F.INST.P., A.R.T.Cc.S.—Chief 
Physicist, Central Research Laboratories, Richard 
Thomas and Baldwins Ltd., Whitchurch, Aylesbury, 
Bucks. 

Dr. Norbury received his early education at Farnworth 
Grammar School, Lancs, and then joined the Research 
Department of Tootals Ltd., where he worked from 1937 
to 1946. During this time he pursued part-time studies 
at the Manchester College of Technology and the Royal 
Technical College, Salford, leading to the London Uni- 
versity External B.Sc. (Special Physics) in 1943. From 
1946 to 1947 he was a research worker at the Davy 
Faraday Research Laboratory, The Royal Institution, 
London, engaged on X-ray and electron diffraction 
studies on polymeric materials. Dr. Norbury obtained 
his Ph.D. in 1948 for a thesis based on studies of the 
physical properties of natural and synthetic high poly- 
mers. 

From 1948 to 1950 Dr. Norbury was a research physi- 
cist at the British Rayon Research Association, where 
he was studying the rheological properties of filamentous 
materials, and from 1950 to 1954 he was in the Research 
Laboratory of the Carborundum Co., Ltd. He took up 
his present position in 1954. 

A. L. Sutton, m.a., p.pHi.—Senior Scientific Officer, 
Research and Development Branch, Industrial Group, 
U.K. Atomic Energy Authority, Culcheth Laboratories, 
Lancs. 

Dr. Sutton was born at Farnborough, Hants, in 1927 
and educated at Kingswood School, Bath, and Clare 
College, Cambridge, where he obtained Parts I and II 
of the Natural Sciences Tripos. After leaving Cambridge 
in 1951 he undertook postgraduate work at Oriel College, 
Oxford, working under Dr. W. Hume-Rothery, F.R.s., 
on some properties of high-purity iron and iron alloys 
until 1955. From 1955 to 1956 he was assistant to Dr. 
J. Norbury at the Central Research Laboratories of 
Richard Thomas and Baldwins Ltd.; in 1956 he joined 
the scientific staff of the Research Laboratories of the 
General Electric Co., Ltd., Wembley, where he worked 
in the physical metallurgy group. In September of 
this year Dr. Sutton took up his present post with the 
U.K. Atomic Energy Authority. 


IRON AND STEEL ENGINEERS GROUP 
Meeting on Water Pollution 


A two-day meeting on ‘‘ Water Pollution in the Iron 
and Steel Industry’ is being held by the Engineers 
Group at Church House, Great Smith Street, London, 
S.W.1. on Wednesday and Thursday, 11th and 12th 
December, 1957. The programme is as follows: 


Wednesday, 11th December 


9.30—9.45 a.m.—Opening remarks by the Chairman of 
the Engineers Group, Mr. W. M. Larke. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


9.45-11.15 a.m.—Presentation and discussion of the 
paper: 
‘*General Technical Aspects of Pollution of 
Rivers,” by Dr. B. A. Southgate (Water Pollution 
Research Laboratories). 

11.15 A.M.—1 p.mM.—Presentation and discussion of the 
paper: 
“The Treatment of Effluent from Blast-furnace 
Gas-cleaning Plant,” by F. W. Edwards and C. J. 
Smith (Dorr-Oliver Co., Ltd.). 

1—2.30 p.m.—Buffet luncheon at Church House. 

2.30-5.0 p.m.—Presentation and joint discussion of 
the papers: 
‘The Extent of Water Pollution in an Iron and 
Steelworks and Steps Taken towards its Prevention,’ 
by G. W. Cook (Appleby-Frodingham Steel Co.). 
** Sewage Effluent as Industrial Water,” by C. W. 
Shingledecker (Bethlehem Steel Corporation). 


Thursday, 12th December 


10.0 aA.m.—12.30 p.m.—Presentation and joint discussion 
of the papers: 
‘* Methods of Approach to Coke-oven Effluent 
Problems,” by Dr. R. L. Cooper (British Coke 
Research Association). 
* Effluent Purification at the Avenue Carbonization 
and Chemical Plant of the National Coal Board,” 
by Dr. E. I. Akeroyd (Permutit Co., Ltd.) and 
G. W. Bradley (National Coal Board). 
* The Biological Treatment of Coke-Oven Effiuents,” 
by Dr. N. M. Potter and J. W. Hunt (National 
Coal Board). 
‘The Treatment and Disposal of Ejfluents in the 
Gas and Coke Industries,’ by J. R. Catchpole 
(Gas Research Laboratory, Leeds University). 

12.30-2 p.m.—Buffet luncheon at Church House. 

2.0-4.30 p.m.—Presentation and joint discussion of 

the papers: 

“The BA.S.R.A, Autoxidation Process for Acid 
Pickle Liquors,” by W. Bullough (British Iron 
and Steel Research Association). 

** Neutralization of Spent Pickle Liquor,” by Dr. 
R. D. Hoak (Mellon Institute of Industrial 
Research, Pittsburgh). 

Preprints of all the papers to be presented will be 
available before the Meeting, and a bound volume of 
Proceedings will be published during 1958. The pro- 
ceedings will also contain a report of the successful 
meeting on air pollution held in London on 25th and 
26th September. 


AFFILIATED LOCAL SOCIETIES 
Swansea and District Metallurgical Society 
The officers for the 1957-1958 session are as follows: 
President 
J. S. Caswell, M.sc., M.I.MECH.E., A.M.I.C.E. 
Vice- Presidents 
H. A. Cooke, Dr. R. Higgins, 0.B.&., F.1.M. 
Honorary Treasurer 
L. A. S. Perrett, F.1.M. 
Honorary Secretaries 
M. J. A. Thomas, B.sc., H. A. Cooke 
Members of Council 


S. 8S. Carlisle, M.sc. E. MeVicar 
(Chairman) 

J. Hey G. W. Meredith 

W. R. Hitchings R. L. Williams 

D. W. Hopkins, M.sc., F.1.M. D. A. Bishop, A.1.M. 

P. Mackay R. H. Pullen 


Capt. H. Leighton Davies, C.B.£., J.P. 
(representing The Iron and Steel Institute) 
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NEWS OF SCIENCE AND INDUSTRY 


New Coke Ovens for Workington 


The Workington Iron and Steel Company have com- 
missioned a new battery of 53 coke ovens, to replace a 
similar battery constructed in 1936. The new ovens in- 
corporate a number of design improvements, including 
a more efficient regenerator system. They were built by 
Woodall-Duckham Construction Co., Ltd. With this 
new battery, Workington now has a total of 75 ovens, 
representing an increase of 11 ovens; a further 900 tons 
of coke will be made weekly, reducing imports of blast- 
furnace coke from other sources to about half the 
former level. 


Bright Annealing of Sheet 


A successful method of providing the non-oxidizing 
gas required for the bright annealing of sheet steel at the 
Abbey Works, Margam, has been developed by the Steel 
Company of Wales Ltd. in conjunction with British 
Oxygen Gases Ltd. The method, known as the HNX 
system, has now been operating smothly for over two 
years. An oxygen-free atmosphere is obtained by using 
a stream of purified nitrogen and adding 24°, of hydrogen 
to it. The hydrogen neutralizes any oxygen from the 
atmosphere which infiltrates into the annealing furnaces. 

The sheets are stacked on a platform and a heat- 
resisting cover is placed over them. The HNX gas is then 
introduced and a furnace, fired with coke-oven gas in 38 
bowl-type burner assemblies, is lowered over the charge. 
The total heating and cooling time required is about 
160 h for a charge of 120 tons. When annealed in coil 
form, a 220-ton coil charge requires a heating and cooling 
time of only 110 h. 

The annealed product has excellent drawing qualities 
and is free from discoloration or other blemish. The 
film of rolling oil which remains after the cold reduction 
process is also removed; it is driven off as vapour which is 
carried away in the ventilating system provided by the 
circulation of HNX gas. 

At the Abbey Works, the annealing bay contains 60 
bases and 22 furnaces. Under the third stage of the Steel 
Company of Wales’s development plan, a further 18 
bases and 7 furnaces are being installed. The present 
plant is capable of annealing 12,000 tons of steel strip in 
sheet and coil form each week. 


New Furnace at Clydesdale 


A new 60-ton open-hearth furnace has been put into 
operation at the Clydesdale work of Stewarts and Lloyds 


Ltd. This furnace, which will have a weekly output of 


about 1200 tons, is the fifth to go into service at Clydes- 
dale. 
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MINERAL RESOURCES 


On the Genesis of Pyrites Deposits in the Urals. S. N. 
Ivanov. (Doklady Akad. Nauk. 8.8.8.R., 1957, 112, (4), 
729-732). [In Russian]. Additional observations of pyrites 
ore occurring in the anticlinal cores suggest a primary origin 
of these ores of a late Caledonian age.—s. I. T. 

Iron Ore in 1956. H. E. Johnson. (Blast Furn. Steel Plant, 
1957, 45, Apr., 388-390). A short review of the development of 
new iron ore fields and of iron ore consumption in the U.S.A. 
and Canada during 1957 is presented.—n. G. B. 

Zoning of the Bitter Creek Vanadium-Uranium Deposit near 
Uravan, Colorado. A. V. Heyl. (U.S. Geol. Survey Bull. 
1042-F, 1957, 187-201). 

Brazil’s “‘ El Dorado ” of Iron. (Mining .J., 1957, 248, June 
21, 787). Brazilian-American developments of the Itabira 
iron ore mountain are referred to. 


ORES—MINING AND TREATMENT 


Mining at Eisenerz. R. G. Horsfield and D. Banister. 
(Mine Quarry E2ng., 1957, 28, July, 278-287). Combined 
open-pit and deep mining operations in Austria are described. 

The Hilton Mines. H. G. Gerber. (Canad. Min. J., 1957, 78, 
May, 113-115). A brief account is given of open pit mining of a 
magnetite deposit in Quebec, with crushing and pelletizing 
plants. 

Blasting Ironstone in Quarries. T. W. Edmond. (Mine 
Quarry Eng., 1957, 28, Apr., 162-165). Current practice inthe 
Northamptonshire deposits is described. 

The Cross-Flow Shaft Kiln, Type Vélklingen, for the 
Burning of Small Lumps of Limestone. W. Heiligenstaedt. 
(Stahl u. Eisen, 1957, '77, Apr. 4, 421-426). The author dis- 
cusses the chemistry of limestone preparation and describes 
conventional and the new, low-shaft, cross-flow kiln. Heating 
is by flue gas and temperature control mainly by re-circulation 
of waste gas. The new unit is very small as compared with 
conventional designs. The throughput is about 80 t/day, 
equal to 2-3 t per m’, at a calorific consumption of 1055 kg. 
cal. per kg. limestone.—t. a. 

Processing of Brown Muds. V. Duréansky. (Hutnické Listy, 
1957, 12, (2), 185-191). [In Czech]. A detailed account is 
given of researches designed to discover means of utilizing 
alkaline wastes produced in the manufacture of alumina 
from bauxite. A method for recovering the alkalies is given. 
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These are then utilized again in the production of alumina. 
The remainder of the wastes is suitable for charging into blast 
furnaces and for other industrial processes.—P. F. 

Study on the Characteristics of Table-Type A.C. Magnetic 
Separator and its Applications. T. Ohyama and 8S. Yashima. 
(Technology Reports Téhoku University, 1957, 21, (2), 1-12). 
Heavy minerals not removed by gravity separation can be 
eliminated. 

The Technique of Beneficiation. M. Mortenson. (Tiddskr. 
Kjemi, Bergvesen Met., 1957, 17, (1), 6-12). [In Norwegian]. 
The paper gives a general survey of modern techniques of 
ore dressing, with special reference to Norwegian developments. 

Pilot Plant Flotation of Manganese Ore from the Maggie 
Canyon District Deposit, Artillery Mountains Region, Mohave 
Country, Arizona. J. B. Rosenbaum, C. H. Schack, R. S. 
Lang and J. B. Clemmer. (U.S. Bur. Mines Rep. Invest., 5330, 
1957, April, pp. 45). Oil-emulsion pilot plant investigations are 
described. 


Sintering Investigations Using Factorial Design Experi- 
ments. T. L. Myron, C. J. Davis and R. L. Franklin. (Amer. 
Inst. Min. Met. Eng. Blast Furn. Coke Oven Raw Mat. 
Comm. Proc., 1956, 15, 237-248). Design of experiments and 
the effects of various variables on production rate and sinter 
strength are described. Work was done in a batch unit and 
a balling drum instead of a pug mill as mixer, larger fans and 
controls for moisture, fuel and sized returns are advocated as a 
result of the trials. 

The Lurgi Sintering Plant of the Steel Company of Canada. 
T. W. W. Trumper. (Amer. Inst. Min. Met. Eng. Blast Furn. 
Coke Oven Raw Mat. Comm. Proc., 1956, 15, 12-26). Design, 
and details of handling, operations and controls and instru- 
mentation are outlined. 

New Sintering Plant in Operation at Port Kembla. (B.H.P. 
Rev., 1957, 34, Apr., 18-22). An illustrated description is 
presented. 

An Experiment of Production of Fluxed Sinter in the Makeev 
Metallurgical Works. B. G. Kumani and M. Sh. Barylo. 
(Metallurg, 1956, (2), 3-5). [In Russian]. It is suggested that 
an improvement should be made in the crushing and grinding 
of the limestone, that an addition of burnt lime improves 
sintering and that an improved method of feeding lime into 
the sinter charge should be developed. Analyses of charge and 
sinter are given.—S. I. T. 
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Automation of Certain of the Units of the Bi pues eecoo 
Sinter Plant. I. M. Rabikovich. (Stal’, 1957, (5), 385-388). 
Automatic burden distribution between 2 stands, maintenance 
of bed thickness, control of belt speed, automatic stopping of 
the conveyor when necessary and its protection from damage 
by hot returns are described. 


FUEL—PREPARATION, 
PROPERTIES, AND USES 


The Planning of Modern Colliery Development for the Steel 
Industry. H. Wilkinson and W. M. Lonie. (Proc. Australasian 
Inst. Min. Met., 1957, (181), Mar., 165-184). Geological 
investigations, diamond drilling, access and choice of equip- 
ment are outlined. 

Safety in Delayed Blasting in Fire-damp-containing Mines. 
R. Loison and D. Seelemann. (Rev. Ind. Min., 1957, 89, May, 
441-457). Effect of Particle Size on the Constituents of Mining 
Explosives. R. Loison and J. Cocu. (449-466). New Permitted 
Explosives of High Safety Factor. W. Taylor. (467-476). 
Effect of Atmospheric Humidity on the Ignition of Fire-damp 
by Explosives. R.-L. Grant, C.-M. Mason and G.-H. Damon. 
(477-478). Permitted Explosives with Rigid Sheaths. L. 
Deffet. (478-480). Tests of the Safety of Permitted Explosives 
in Fire-damp Atmospheres as a Function of the Number of 
Cartridges Fired Simultaneously or with Delay. W. Cybulski. 
(481-487). Trials of the Safety of Explosives Fired in a Slotted 
Mortar, with Reference to Fire-damp. W. Cybulski. (488- 
489). The Relative Risk of Ignition of Clouds of Coal Dust by 
Permitted Explosives. H.-C. Grimshaw. (490-492). Researches 
on the Safety of Explosives with Respect to Coal Dust at 
Rest. W. Cybulski. (493-497). 

The Economics of Coal Cleaning. G. A. Vissac. (Canad. 
Min. Met. Bull., 1957, 50, May, 293-295). Aspects of coal 
washery design are briefly considered from the costing stand- 
point. 

The Rheological Properties of Water Suspensions of Finely 
Divided Magnetite, Galena and Ferrosilicon. G. W. Govier, 
C. A. Shook and E. O. Lilge. (Canad. Min. Met. Bull., 1957, 
50, May, 261-268). 

Recent Progress in ” Sieving of Wet Materials. E. Burst- 
lein. (Rev. Ind. Min., 1957, 389, May, 401-421). A detailed 
review of theory and practice, with accounts of monophase 
and three-phase heating, with special reference to coal and 
coke. 

A Study of Factors Influencing the Bulk Density of Coal for 
Carbonization. Pontypridd Test Plant Committee. (Brit. 
Coke Res. Assoc. Interim Report, 1957, May, pp. 44). A 
standard sampling method is given and comparisons of 
several bulk density determinations are made. 
moisture, particle size and oil addition are examined and the 
effect of mixing. Tests on 11 coking coals for bulk density 
related to coal rank, moisture and oil addition are reported and 
findings are summarized. 

The Supply of Coal for Coke Manufacture. R. Lowe. (7'rans. 
Inst. Min. Eng., 1957, 116, June, 761-772). An address, 
touching on the supply and use of metallurgical coke, blending 
and sulphur content. 

The Moving Wall Test Oven. J. G. King. (Gas Times, 1957, 
91, May 10, 96-97). An account of the work of J. W. Lee, 
W. J. Lanuki-Pater and J. L. Lambert on swelling pressure 
of coking coals. 

New Approach to Light Oil Washing at Great Lakes Steel 
Corporation. A. D. Shattuck. (Blast Furn. Steel Plant, 1957, 
45, Apr., 391-394, 396). The disadvantages of the conven- 
ticnal acid washing process in refining of coal tar include high 
cost and difficult disposal of sludge. A description of a new 
acid washing process at the Great Lakes Steel Corporation is 
given.—B. G. B. 

Experimental Studies on a Cyclone Chamber for Combustion 
and Gasification of Heavy Liquid Fuels. H. A. Havemann and 
K. Mahadevan. (J. Inst. Fuel, 1957, 30, Jan., 26-39). 

Control of Atmosphere Converters. W. H. Holeroft. (Metal 
Progress, 1957, 71, Apr., 104-108). The fundamental prin- 
ciples underlying exothermic and endothermic gas generators 
are described and the method of controlling the gas com- 
position explained.—n. G. B. 


REFRACTORY MATERIALS 


All-Union Conference of Workers in the Refractories 
Industry. (Metallurg, 1956, (2), 22-23). [In Russian]. This is 
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Effects of 


a brief report of a conference which took place in Stalino in 
December 1955. The following products were discussed: 
dinas, chamot, magnesite, forsterite, chrome—magnesite and 
mullite.—s. I. T. 

The Effect of Basic Refractory Materials on —“* Construction 
of Steel Furnaces. Z. Bonenberg, W. Klimezyk, J. Niedziela and 
W. Sobiepan. (Hutnik, 1956, 28, (10), 366-37 4A [In Polish]. 
The old and new methods of the contruction of O.H. furnaces 
are compared. Recently, a more refractory material, chromite 
magnesite, working range of temperature 1750-1800° C, 
has found wide application, particularly in the construction of 
the roofs. The use of basic refractory materials in electric 
furnaces is discussed. Modifications in the construction of the 
steel furnaces in connection with the use of the new refractory 
materials are reeommended—k. G. 

Basic Refractory Materials in Steel Furnaces. F. Nada- 
chowski. (Hutnik, 1956, 28, (10), 370-375). [In Polish]. The 
possibilities of using substitute raw materials, poorer in MgO, 
in the production of basic refractories for steel furnaces are 
discussed. The chemical composition, physico-chemical 
properties and recommendations for the use of the magnesite 
dolomite refractories, and also properties and behaviour of 
chromite—magnesite roofs are described. The potentialities 
and advantages of basic roofs are discussed.—k. G. 

Creep in Refractory Materials. J. White. (J. Metallurgical 
Club Royal College of Science and Technology, 1956-57, (9), 
27-37). Flour in liquid-bonded aggregates has been studied 
and also resin-bonded sand. Magnesite, glass-bonded sand 
and other materials are compared and a theory developed. 

Delayed Fracture of Sintered Alumina. S. Pearson. (Proc. 
Phys. Soc., 1956, 69B, Dec. 1, 1293-1296). The delayed 
fracture effect can be eliminated by heat treating and testing 
in vacuo and appears to be due to attack on stressed material 
by atmospheric constituents. It is suggested that all brittle 
materials show the effect. 

Stress-Endurance of Sintered Alumina. L. 8S. Williams. 
(Trans. Brit. Ceram. Soc., 1956, 55, May, 287-312). Tests 
under fatigue conditions are described and compared with 
steels and other alloys. 

Bond Strength of Sintered Alumina. E. Ryshkewitch. (Trans. 
Brit. Ceram. Soc., 1956, 55, Sept., 565-570). Bend-strength 
measurements are reported confirming earlier figures, with 
consideration of porosity and grain size effects. 

Use of the S.K. Porosity Apparatus for Measuring the 
Porosity of Refractory Products. J. Baron. (Centre Doc. 
Sidér. Cire. Inform. Tech., 1957, 14, (4), 809-817). The 
principle of the S.K. test (originally developed in Great 
Britain) is first described. Results obtained on a large number 
of refractory specimens are given in tabular form and dis- 
cussed. (12 references).—B. G. B. 

Reaction between K,O and Al,0;-SiO, Refractories as 
Related to wr Furnace Linings. Ss. E. McCurie, T. P. 
Greaney, W. Allen and R. B. Snow. (J. Amer. Ceram. Soc., 
1957, 40, cd 187-195). The mechanism of peeling of 
fire-clay brick in the low-temperature region of the blast 
furnace was studied. In laboratory tests KCI-K,CO, mixtures 
produced no peeling at 1600° F. Cracks appeared with KCN 
at 1500° F under partly reducing conditions. X-Ray studies 
showed formation of leucite and kaliophilite below 1700° F. 
These were also found in blast furnace linings and it was 
shown that SiO, is the first constituent attacked. A process 
for confining attack to the surface in low-temp. applications is 
noted. 


IRON AND STEEL—GENERAL 


Investigations at the Institute for Iron Metallurgy Acad. 
Nauk. Ukraine. Z. I. Nekrasov, N. I. Krasavtsev and V. D. 
Chekhranov. (Stal’, 1957, (5), 468-469). The Dzerzkinski 
plant has studied the effects of changing over a 1386 m® blast 
furnace from } to 0-8, 0-9 and | atm top pressure. Difliculties 
were met with at 1-3 atm but it is believed that they can be 
overcome. Self-fluxing sinter: when the basicity was increased 
above 1 strength was somewhat increased. Previous removal 
of moisture from hygroscopicity and hydrates from the 
concentrates strengthened the sinter further. Increase of 
basicity of Kerchansky ores from 0-23 to 1-0 and 1-4 did not 
improve reducibility. Oxygen converter: experiments on the 
use of high-P ore are continuing. Roll pass design for sections 
and wire rod. Heat treatment of Railway waggon wheels: 
induction heating improves mechanical properties and 
hastens and cheapens heat treatment and increases service 
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life. A wheel mill for 40,000 per year by the new methods is 
planned at Karl Liebknekht works. Work is also planned on 
the mechanism of the effect of gaseous and liquid media on 
graphitization and on the effect of Si on austenization and 
eutectoid transformation of cast iron. Research at Verkh- 
Isetski Works. G. N. Shubin. (469-472). Work on trans- 
former steels is outlined. Research at the “ Serp i Molot ” 
(Hammer and Sickle) Works. N. P. Khetvin. (472-475). 
Intensification of Heating of Feeder Heads: attempts to 
reduce the amount of discard in rolling of killed steels were 
made by heating the feeder head with powdered ferrosilicon 
burning in QO, on ingots of 800 kg and castings up to 18t. For 
smaller ingots O, was obtained from high temp. decomp. of 
NaNO. The best mixture for bottom-poured small ingots was 
70% Fe-Si, 20°, NaNO, and powdered firebrick 10°,, the 
metal temperature was raised 15-20° C. Excess Si is needed 
to reduce decarburization, it diffuses into the metal at the 
pipe boundaries to a depth of 10—25 mm and this is removed 
by cropping. Productions of Low Carbon Electrical Steel 
using vacuum treatment in the ladle: the output of O.H. 
furnaces is increased as the C content is greatly reduced by 
vacuum treatment, e.g. steel can be tapped with 0-08—-0-1°, C 
and oxidized in the ladle to 0-025-0-035% C. Silica roofs 
did not give the requisite high temperature and chrome 
magnesite was substituted, also high-alumina stopper nozzles 
which raised metal temperature 40-50° C and the ladle was 
teemed after vacuum treatment in 7-9 min. The ingots were 
found to have blow holes near the surface however. Deoxidiz- 
ing mixtures were tried in furnace and ladle to obtain a less 
active slag. So far it has been shown that tapping temperature 
can be raised 30-40° C in a 10-t experimental O.H. furnace 
without prolonging the heat and C can be reduced in 6-9 min. 
fron 0-10-0-12 to 0-035-0-025°, in the ladle by vacuum 
treatment. Steelmaking in a Uniflow recuperative furnace: 
in the first campaign with a 10-t furnace 133 heats were pro- 
duced. Various defects were noted (loss of air in blast box, 
poor temperature control and difficulties with recuperator 
cleaning). High oxidizing atmosphere, high metal losses, low 
yield of steel, high oxide content-of slag and high fuel con- 
sumption were observed. During the record, 161 heats were 
made with some improvement and a third campaign is now in 
progress. Cold rolling of stainless steel strips: 8-roll mills with 
work rolls of various diameters are being tried. Cold work 
hardened sheets with 18°, Cr, 9°, Ni and 0-1—-0-15 mm thick 
can be rolled. Reducing difference in roll diameters improved 
the product. Difficulty in producing flat sheet suggests the 
8-roll combined stand should be used only for strip of max. 
0-20 mm. Research at Makeevskii Metallurgical Works. I. I. 
Bornatskii. (475-476). Increase in output of sinter plant up to 
2000 t/day: the sinter charge must contain not less than 
2-0-2-5% lime. Increase in Blast Furnace output by raising 
sinter basicity and amount of sinter in the burden and by 
increasing low-Mn pig iron: increase of basicity from 0-73 to 
1-04 increased the output of No. 1 furnace by 5°, and the 
efficiency coefficient, (working vol. from centre line of iron 
notch to rim of big bell in lowered position divided by tons 
produced/24 hr, or m® per ton per 24 hr), reduced from 0-785 
to 0-748. Increase of sinter from 66-7 to 80-3°, improved 
output 7°, and improved the coeflicient to 0-705, reduced 
coke consumption from 887 to 846 Kg/t and increased smelt- 
ing index from 1-12 to 1-20. Lowering of Mn in pig iron 
from 1-8-2-3 to 1-1-2°, increased productivity by 1-8—2-5°,. 
Mn content at melt-down in the 370-t furnace was 0-1-0- 14°, 
instead of 0-11—0-17 with ordinary pig iron and S was 0-046 
0-055°, instead of 0-043-0-050. Overall rate of desul- 
phurization and actual S removed did not change and in 
finished steel S was 0-001 to 0-004°, higher than in normal 
heats. Use of oxygen in steelmaking: experiments with 185-t 
and 370-t O.H. furnaces started in April 1956. O, at 7-8 atm. 
was fed through a water-cooled pipe set at 12-14° in the 
external lining of the caissons. Each pair could feed 2500 m*® 
O,/hr. O, was also blown through the bath from a 1 in. tube 
introduced through the back wall for 10—15 min after addition 
of the hot metal. Melt-down was shortened by 1-8 h, output 
increased 18-8°, and fuel consumption fell by 20-6°, in the 
185-t furnace. O, consumption per t was 6-7 m? in the bath 
and 27-28 m$ in the flame. Use of basic roofs in O.H. furnaces: 
the amount of roof suspension has been increased from 11 to 
13 hangers per ring on the 185-t and from 13 to 17 on the 
370-t furnaces. Increase of roof life, the back wall slope at the 
parts opposite the end doors made more gentle: campaigns were 
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prolonged using hot cooling and use of 3 pipes for blowing out 
obstructions during hearth repairs, reducing temp. variations 
of the roof during hot repairs ete. Life on 185-t furnaces 
averaged 406 heats and on 370-t furnaces, 379. Increase of 
ingot mould life by reinforcing strips: the tops and bottoms of 
open moulds were armoured, also the upper parts of bottom 
closed moulds, by steel bands. Mould consumption was 
reduced by 14 kg/t steel. Reduction in depth of pipe and 
amount of discard: the 7-t killed steel ingot replaced the 
square 6-72-t ingot with the same feeder head. Macro- 
structure was improved, and the feeder head was filled to 
a height of 16 in. containing 15—-15-5°, of the total volume. 
Use of lunkerite, 1-5 kg/t steel concentrated the entire pipe in 
the feeder head, discards were reduced to 14°, for carbon 
steel and to 15-5°, for high-grade steel. Bipyramidal feeder 
heads reduced discard by 1°, further. Research at the All- 
Union Research and Development Institute for Metallurgical 
Thermodynamics. (VNIIMT). A. V. Kavaderov. (477-479). 
Melting furnaces: aerodynamic studies were made on blast- 
furnace binder layers. Speed of reduction of spherical bri- 
quettes of 8-10 mm dia. was measured in up to 50°, CO and 
up to 20°, H, at temp. to 1000° C at gas speeds up to 24m/see 
in an unrestricted cross-section. With increasing H, the 
reducing effect of CO falls, with < 15°, H, the briquettes 
swell, and increase of CO H, to 70°, increased the rate of 
reduction 3-4 xX at the beginning and about 2 xX at 80°, 
reduction. Natural gas in O.H. furnaces has been tried 
increasingly at the Red October plant. The production was not 
inferior to that with fuel oil addition. Use of compressed air 
in O.H. furnaces: The tap-to-tap time was reduced 2-6°,. 
Improved methods of introduction have been developed. 
Valve reversal: Experiments have been carried out on a 500-t 
O.H. furnace, heat exchange conditions in the bath and 
changes in composition in the uptakes during reversal cycles 
were studied. Study of thermal conditions in 370-t furnaces 
with chrome-—magnesite roofs has been completed, there are 
increased heat losses through the roof and a fall in roof 
temperature during charging and heating up. For these 
periods increased heat input is desirable. Thermal insulation 
of the roofs of 100-t oil-fired furnaces was tried with success. 
A new method of control was developed based on maximum 
heat transfer to metal at all periods of the heat with limited 
heat input to the furnace. Heating of Metal: model work has 
improved design and more than doubled heating rates by 
improved heat recovery. New heat insulating designs for 
reheating furnaces have been developed using rammed 
fireclay blocks on metal bands. Much work on soaking-pit 
models to obtain optimum heat distribution has been done. 
Five burner types have been tried and a long flame burner has 
proved the best. 

Developments at the Workington Iron and Steel Company’s 
Plant. (Machinery, 1957, 90, May 31, 1239-1241; Iron Coal 
Trades Rev., 1957, 174, June 7, 1309-1319). Illustrated 
accounts of the sinter plant, blast furnaces and steel plant 
are given. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


Transportation and Handling of Charging Materials for 
Blast Furnaces in Great Britain. H. RK. Mills and J. H. Turn- 
bull. (Stahl u. Eisen, 1957, 77, Apr. 18, 457-469). The 
extensive use of imported ore as well as home ore in Great 
Britain requires special transportation and handling facilities. 
These are described in detail, including flow diagrams for 
home and foreign ore preparation with reference to the dif- 
ferent practices employed at various plants. Transport, 
mixing and handling of coal and coke are also dealt with. 


Selected Data from Operating Blast Furnaces. J. Taylor. 
(J. Metallurgical Club, Royal College of Science and Tech- 
nology, 1956-57, (9), 19-22). Four studies of the thermal 
balance of a furnace have been made and the data have 
proved to be reliable. Materials balance with analyses of iron, 
slag, and carbon and sulphur distributions are presented. 

Preparation of Raw Materials for Blast Furnace Smelting 
in Magnitogorsk Metallurgical Combinat. A. P. Yakobson. 
(Metallurg, 1956, (1) 3-6). [In Russian]. One of the prin- 
cipal factors in the successful running of blast-furnaces is the 
grading and gasification of ores as well as the enrichment of 
poor ores. Chemical analyses of sinter components should 
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help in the attainment of constant composition. Flux, ore and 
fuel should be well ground.—s. I. T. 

In-Wall Temperature During Blow-In. A. T. Sadler. (Blast 
Furn. Steel Plant, 1957, 45, Apr., 48-52). The results obtained 
from the measurement of the rise in temperature of stack 
brickwork during the blow in of a blast furnace at the Ali- 
quippa Works of Jones and Laughlin Steel Corporation, U.S.A 
are discussed.—B. G. B. 

Blast Furnace Automatic Charging Control Integrated. 
(Blast Furn. Steel Plant, 1957, 45, May, 498-500). A short 
descrip tion of a new automatic charging system developed by 
Cutler-Hammer Inc., and Arthur G. MeKee Co., U.S.A. is 
given. All the processes following the time the iron ore, lime- 
stone and coke are taken from their respective bins and 
dumped into the furnace are carried out automatically. 

Burdening a Blast Furnace for Minimum Costs. D. R. 
Bailey. (Amer. Inst. Min. Met. Eng., Blast Furn. Coke Oven 
Raw Mat. Comm. Proc., 1956, 15, 79-93). Ore selection and 
linear programming are described. 

The Main Directions of Technical Progress in Old Blast 
Furnace Departments for the Next 5 Years Plan. K. Kwapis- 
zewski. (Hutnik, 1956, 28, (2), 63-65). [In Polish]. The three 
main directions in the progress of production of pig iron in the 
blast furnace are outlined for the next five years (1955-1960). 


They are in preparation of the charge, in improvement of 


technical processes, and in modernization of the large blast 
furnace.—kK. G. 

The Heating up of the Blast Furnace in Case of Disturbance. 
W. Zolkowski. (Hutnik, 1956, 28, (6), 238-241). [In Polish]. 
Obstructions in the blast furnace caused by the cooled charge 
ean be removed by reheating the furnace by injecting a jet 
of oil and preheated compressed air. This method is found to 
be extremely economic in time, the whole operation lasts 
10-20 hours and uses only 2-3 m§ of oil.-—k. G. 

Investigations in the Hearths of — Furnaces. B. Menuet- 
Guilbaud. (Rev. Mét., 1957, 54, Mar., 217-239). The results 
are given of a comprehensive ous of gas composition in the 
tuyere zone of a blast furnace. Full details are given of the 
equipment used 5 ef the experimental techniques. The 
variation in H,, Nz, CO, CO, and O, contents of the gas at 
distances from ae tuyere nose of from 0 to 250 em are 
reported from measurements made at a number of blast 
furnaces. In general there is a complete absence of O, and 
the peak concentration of CO, at a distance of about 75 em 
from the tuyere nose; CO is present after this point in steadily 
increasing amounts. —B. G. B. 

Experiments on the Partial Replacement of Metallurgical 
Coke by a Reducing Gas in the Blast Furnace. L. Naszalyi. 
(Rev. Ind. Min., 1957, 39, May, 423-435). Reactions in the 
blast furnace are considered and ‘he use of natural gas noted. 
Heat balances are worked out and a process using CO is 
described with composition of charge and analysis of metal 
and slag. 

Improved Method of Smelting of Bessemer’s Cast Iron. 
V. D. Kichko. (Metallurgy, 1956, (3), 25-28). [In Russian}. 
Blast furnace practice is discussed in terms of control of the 
batch materials, distribution in the furnace, gas penetrability, 
blowing pressure and control of periphery gases. Registering 
apparatus for gas pressure fitted at various furnace levels serve 
as an important guide to the smooth working of the furnace. 

More Iron Without More Furnaces. ©. M. Squarey and R. J. 
Wilson. (Steel, 1956, 189). 1. Lowering the Coke Rate. (Nov. 
19, 150-160). 2. Increasing the Driving Rate. (Nov. 26, 98 
110). The following means of increasing blast furnace produc- 


tion are considered: benefication of ores; improvement of 


coke; high top pressure; steam and oxygen in the blast; higher 
blast temperatures. Experience at Inland Steel Co. is cited. 
The possibility, in certain cases, of balancing steam injection, 
oxygen enrichment, and blast temperature to increase the 
driving rate is considered.—D., L. ¢. P. 

Carbon Packing of Blast Furnace Runners. M. K. Vasil’ev. 
(Metallurg, 1956, (1), 20). [In Russian]. A blended and sieved 
mixture of 80°, small coke, 10°, fireclay and 10°, hard pitch 
is used. Moist and stamped packing dried by furnace gases 
can serve many operations without repairs.—-s. I. '. 

The Sources of Heat Losses in Metallurgy and the Methods 
for their Reduction. J. Mikulski. (Hutnik, 1956, 28, (2), 71 
77). [In Polish]. The author reviews and compare the West- 
ern and U.S.S.R. methods of raising the efficiency of the 
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utilization of thermal energy in various branches of modern 
metallurgy. In reference to the conditions in Poland, he 
recommends among others: more efficient utilization of the 
gas produced in blast furnaces for heating coke ovens and in 
gas turbines and application of “ hot cooling” to the O.H. 
furnace. He believes that the heat losses in the blast furnaces 
which amount at present to 35 °,can be reduced to 10 


Desulphurizing Blast-Furnace Agglomerates. J. Duda. 
(Hutnické Listy, 1957, 12, (1), 20-23). [In Czech]. The im 
portant factors influencing the degree of desulphurization in 
the agglomeration process in which air is blown through the 
agglomerates are discussed. These include carbon, lime and 
sulphur contents and the granulometry of the agglomerates. 
The optimum conditions must be determined for each type 
separately, largely by empirical means. — P. F. 

Steam Additions to Blast-Furnace Blasts. M. Prouza 
(Hutnické Listy, 1957, 12, (2), 97-102). In Czech]. The 
effect of steam additions is discussed on the basis of two 
years’ experience with the method in Czechoslovak steel 
works, and with special reference to the recent Soviet litera 
ture. Steam additions were found to be beneficial only over 
short periods in which the blast temperature and other vari 
ables lie within definite bounds. It is concluded that higher 
blast temperatures and much stricter control of the operating 
conditions of the blast furnace are a prerequisite for deriving 
advantages from moisture additions to the blast. These 
conditions were not as yet fully met in Czechoslovak steel 
works.—-P. F. 

Rational Location of a Blast Furnace Mixing Valve. N. N 
Chernov, L. F. Domnitskii and I. A. Suchkov. (Stal’, 1957, 
(5), 389-391). Placing the valve between the furnace and the 
first stove prevents sudden fluctuations in the temperature of 
the blast main lining. Satisfactory mixing of hot and cold 
air streams is obtained. The temperature at the tuyeres is 
30—40° C lower in the hot blast main in summer and 50-80° C 
lower in winter. Thermal insulation of the tuyeres allowed a 
rise of blast temperature of 20° with improvement of their 
mechanical strength. 


An Apparatus Registering the Release of the Top Slag. .\. | 


Zektser and N. N. Chernov. (Metallurg, 1956, (1), 21). In 
Russian}. An automatie registering apparatus is described 
which records both the amount of air flow in the furnace and 
the periods of slag release.-s. 1. T. 


Venturi Washers. L. W. Butz. (Blast Furn. Steel Plant, 
1957, 45, Apr., 398-399). An illustrated description of a 
venturi gas serubber installed on a blast furnace at the 
Bethlehem Steel Co. in 1952 and at a second scrubber installed 
in 1954 is given. Both serubbers have been very successful in 
operation.— B. G. B. 

The Importance of Gas-Solid Contact in the ae of 
Pig Iron. T. L. Joseph. (Blast Furn. Steel Plant, 1957, 45, 
Apr., 379-384; May, 489-493). The distribution of solid 
materials and gas velocities and temperatures in the blast 
furnace stack are discussed and their importance in furnace 
operation explained. The relationship between particle size and 
pressure drop for a given gas flow is reviewed.-—B. G. B. 

General Review of the on. of Checkers in Cow ” Stoves. 
M. Gerin. (Centre Doc. Sidér. irc. Inform. Tech 1957, 14, 
(3), 597-628). Various pio ee of checker brie kwork for 
filling blast furnace Cowper stoves are reviewed and pet 
formance figures given. Details are reported of Cowper stoves 
designed by the author and in service in France, (10 references) 

Desulphurization of Pig Iron with Solid Lime. 8. Kalling and 
S. Eketorp. (Blast Furn, Steel Plant, 1957, 45, May, 494-497 
513). A deseription is given of the Kalling process for de 
sulphurization of liquid pig iron by solid lime in a sealed, 
rotating vessel. A breakdown of the costs involved, under 
American conditions, is presented. —B. G. B. 

Influence of Sulphur on “ar — Tension at the Metal- 


Slag Boundary. »%. I. Popel’. . Esin, G. F. Konovalov and 
N.S. Smirnov. (Doklady pkey Nauk S.S.S.R., 1957, 112, 
(1), 104-106). [In Russian]. Data and diagrams are given 


which show that the interfacial tension decreases with 
increase of O and 5 in the system.—-s. I. T. 

Treatment of High-Silica Iron Ores in Rotary Kilns. V. 
Kyuncher and L. Shleier. (Stal’, 1957, (5), 392-401). Rotary 
kilns are found to utilize low-grade ores more economically 
than where magnetic roasting or wet concentration are used, 
and more economically than in low-shaft furnaces in presence 
of free silica. The installation and operation are described. 
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PROPERTIES, TREATMENT AND USE 


OF SLAG 


Ionic Theory of Slag. A. Staronka. (Hutnik, 1956, 28, (3), 
110-117). [In Polish]. The empirical and theoretical basis of 
the ionic theory of iron slag, (especially from steel), is briefly 
described. The experimental results supporting the theory such 
as: investigation of crystalline structure, electric conductivity 
of liquid slags and its dependence on temperature, and 
experiences connected with the construction of galvanic cells 
using liquid slag as electrode were summarized. The method 
of determining the activity of components of the slag based on 
the theory of ideal ionic solution and also on micro-hetero- 
geneity of slags as the main cause of departure from ideal 
solution is given.—k. G. 

Electrical Conductivity of Titanous Slags. B. M. Lepin- 
skikh, O. A. Esin and 8. V. Shavrin. (Zur. Priklad. Khim., 
1956, 29, (12), 1813-1821). [In Russian]. Measurements of 
specific electrical conductivity in systems Na,O-TiO,, 
FeO-TiO, and MnO-TiO, of various composition and tem- 
peratures were carried out. The results obtained indicated 
that as in silicate systems the conductivity decreases with 
increasing TiO, content. On the electroconductivity iso- 
therms, inflections corresponding to FeTiO, and Fe,TiO, were 
obtained. The activation energy decreases uniformly with 
increasing TiO, content in FeO—-TiO, and Na,O-TiO, systems 
while in the MnO-TiO, systems it attains a maximum near to 
incongruently melting MnTiO;.—v. G. 


WROUGHT IRON 


Wrought and Welded Ornamental Ironwork. A. W. Patz. 
(Welder, 1957, 26, Jan.-Mar., 11-16). An illustrated review of 
recent designs. 


DIRECT PROCESSES 


* Cyclosteel ’: Steel Direct from Ore. G. K. Bhat. (Iron 
Age, 1957, 179, May 23, 129-130). An account of the process, 
with diagram, derived from a visit to B.I.8.R.A. Possible 
advantages are discussed. 

A Method for the Direct Reduction of Iron Ore Concentrate 
by Carbon Monoxide without Melting. O. Stelling and I. 
Pereswetoff-Morath. (Jernkontorets Ann., 1957, 141, (5), 
237-260). Reduction in a fluidized bed at 600° C gives cemen- 
tite which does not agglomerate. A pilot-plant process has 
been worked out. It is continuous, the product is not pyro- 
phoric, the size of the plant may be varied within wide limits 
and advantages over H, reduction are considerable. 

Interaction of Iron Ores with Methane in a “ Boiling ” 
Layer. K. P. Lavrovskii, A. L. Rozental’ and A. Kh. Eglit. 
(Doklady Akad. Nauk S.S.S.R., 1957, 112, (4), 724-727). 
[In Russian]. An apparatus for the study of the interaction 
between iron ore and methane is described and the method 
of study of the interaction of methane and an ignited and 
oxidized siderite ore is discussed. The influence of the tem- 
perature and the rate of circulation of gas on the degree of 
reduction of ore was particularly studied.—-s. I. T. 


PRODUCTION OF STEEL 


The Main Problems of Industry and Techniques in Metal- 
lurgy which Require Scientific Elaboration. F. Kaim. (Hutnik, 
1956, 28, (1), 5-11). [In Polish]. The author points out the 
importance of a scientific approach to the problems of the 
iron and steel industry. He emphasizes the need for using the 
right type and size of iron ores and coke. He outlines the 
methods of preparation of the charge of large furnaces. 
Various problems connected with steel manufacture are 
briefly dealt with.—k«. G. 

The Economic Industrial Utilization of Steel Swarf. I. N. 
Goncharov and E. P. Semchenko. (Vestnik Mashinostro- 
yeniya, 1957, Feb., 80-84; Eng. Digest, 1957, 18, June, 
243-244). The use of crushers, briquetting, hot and cold, 
annealing, burning-off of oil, and the new forge-welding 
process are outlined. Compositions and mechanical proper- 
ties of parent metal and forged swarf are given. Briquettes 
can also be made from cast iron swarf. 

J. & L’s Air System. (Steel, 1956, 189, Dec. 10, 150-160). 
The arrangements for compressed air and blast services to a 
large steelworks are described. Practices employed to ensure 
an efficent and reliable supply are noted.—D. L. c. P. 
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Société des Aciers Fins de l’Est. (Aciers Fins Spéc. Frang., 
1957, Mar. 101-121). A brief illustrated account of the steel- 
works, forge and rolling mills at Hagondange, Moselle, is 
given. 

Crucible Melting Furnaces. H. H. Pistor. (Z. Metallkunde, 
1957, 48, Mar., 101-103). A brief survey is given of various 
types of crucible-type melting furnaces, the advantages of 
firing by gas or oil, and electrical resistance heating are 
discussed.—t. D. H. 


New Outlooks on Basic Bessemer Practice. N. Allard. 
(Bull. Soc. Ing. Civils France, 1957, (5), 107-113). (A sum- 
mary with report of discussion). The use of O, and the 
IRSID lime injection method are referred to. 


Results Obtained [in the Basic Converter] with Small Lumps 
of Limestone Produced in the Cross-Flow Low-Shaft Kiln. 
A. Latour and L. Heinen. (Stahl u. Eisen, 1957, 77, Apr. 4, 
426-428). Limestone, in small lumps was used in a 60-ton 
basic Bessemer converter. It was found to have a more 
uniform quality than coarse lumps, probably owing to the 
greater surface : volume ratio. The end temperature of the 
charge is clearly shifted towards higher values (about 10°- 
20°C). The use of small lumps of limestone has no effect on 
the P of the charge, but S and N were noticeably lower.—z. a. 


Use of Oxygen in Convertor Production. S. J. Afanas’ev. 
(Metallurg, 1956, (3), 8-13). [In Russian]. The description is 
given of a process of blowing oxygen vertically downwards by 
a water-cooled nozzle on to the surface of molten metal in a 
converter. The technology and thermochemistry of the 
process of refining is also given. The process is controlled by 
the change in the pressure of oxygen and in the position of the 
tip of the nozzle relative to the surface of the metal. Analyses 
are given of converter steel used for the manufacture of 
rails. This steel shows plasticity comparable with that of 
O.H. steel.—s. 1. T. 


No. 2 Open Hearth Plant at Port Kembla. J. Scott, W. 
Edmonds and R. Jeffcoat. (Proc. Australasian Inst. Min. 
Met., 1957, (181), Mar., 147-164). An outline is given of the 
design of 2 O.H. furnaces and ancillary equipment. 


Comparison of Tilting and Fixed Open Hearth Furnaces. V. 
V. Leporskii, E. A. Kapustin, G. M. Glinkov and P. N. 
Slepkanev. (Stal’, 1957, (5), 411-413). Ore with higher P and 
other alloying elements will have to be used. At Avrostal, 
350-t furnaces were built with deep baths and small hearth 
area, the depth was later decreased to 1100 mm and the hearth 
area increased. The last group had a depth of 1000 mm (and 
a hearth area of 72 m?) which is shallower than fixed furnaces 
of the same capacity which average 1250 mm. With high-P 
iron the tapping of tilting furnaces proved difficult and control 
and repairs to hearths was also troublesome. Down time for 
hearth repairs was brought down to 4-5°% but this is much 
greater than fixed furnaces require. Topholes wear more 
rapidly. With high P-iron refining time was prolonged and 
production fell to 17-18 t/h. With chrome—magnesite roofs and 
O, blowing this rose to 22-7 t. Thermal losses and gas and air 
pre-heating are described, and refractory wear and slag 
composition are given. It is concluded that fixed furnaces are 
superior. 


Principles of Construction and Results of Applying Open 
Hearth Furnace Roofs of Zebra Type. S. Tochowicz. (Hutnik, 
1956, 28, (10) 362-366). [In Polish]. The ways of increasing the 
output of the O.H. furnace are discussed. The intensification 
of heat in the furnace requires a more durable roof. Bricks 
made of chromite—magnesite and silicates were used. They 
were arranged in Zebra pattern i.e. adjacent courses of the 
two types of bricks are placed in direct contact with each 
other. In this way the life of the roof was increased by more 
than 50%.—k. Gc. 

Repairs of Hearths of Open Hearth Furnaces of Large 
Capacity. M. M. Privalov. (Metallurg, 1956, (2), 30-33). [In 
Aussian}]. Details are given of methods of rational repairs 
to the hearths of O.H. furnaces.—s. I. T. 


Our Experience on the Increase of Stability of the Arches of 
Martin Furnaces. G. N. Averkin and A. N. Chichkanakov. 
(Metallurg, 1956, (2), 33-34). [In Russian]. The main 
factor influencing the stability of the roof of an O.H. furnace 
is the reduction of the period of operation. The proper 
control of flame is also very important. Details are given of 
repairs to lining, blowing of accumulated dust and other 
particulars.—s. I. T. 
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Present State in Great Britain of Open Hearth Practice 
Using Gas Producers. G. Husson. (Centre Doc. Sidér. Circ. 
Inform. Tech., 1957, 14, (4), 767-786; 787-793). All the works 
visited used Morgan-type gas producers. The works visited 
were Baker-Bessemer at Kilnhurst, Round Oak at Brierley 
Hill and Clydesdale near Glasgow. Details of the gas producer 
instrumentation and steelmaking practice at each works are 
given. A visit was also paid to B.C.U.R.A. and notes on 
cyclonic slagging ash producers are presented.—B. G. B. 

Production Planning in Steelworks. O. Samuelsson. (Vdarm. 
Bergsmann. Ann., 1956, 42-74). [In Swedish]. The author 
reviews the main aspects of production planning, such as 
drawing up production forecasts, allocation of shop capacity, 
preparation of manufacturing orders, checking outside delivery 
dates, stores control, use of suitable progress charts, choice of 
centralised or decentralised planning, and the human element. 
Hints are given on suitable methods, based on the author’s 
experience at Fagersta.—c. G. K. 

The Heat, Fuel and Power Balances in an Integrated Steel 
Works. J. Roberts and J. C. A. Cowan. (J. West Scotland 
Iron Steel Inst. preprint, Paper No. 501, 1957, Feb. 15, pp. 
30). The Ravenscraig Works of Colvilles Ltd. is described with 
plans of site and installations and detailed thermal balance 
sheets. 

Industrial Influence on Public Electricity Supply. 
Industry. A. Haddock, F. Seddon and G. L. Tomlinson. 
(Elect. Rev., 1957, 160, Feb. 22, 319-323). Early history, 
nature of the load, are furnaces and induction furnace require- 
ments, fluctuating load items, tariffs and the present outlook 
are briefly reviewed. 

Influence and Evolution of Gases in Steelmaking Processes. 
J. Massinon. (Met. Ital., 1957, 49, Jan., 24-34). [In Italian]. 
The author distinguishes the various ways in which gases are 
found in metals, namely adsorbed at the surface, in the body 
of the metal in the form of dissolved or combined gases and as 
inclusions. The effects of H, and N, on steels is discussed in 
detail and the researches carried out by numerous authorities 
are discussed. Brief reference is also made to vacuum casting. 
(13 references).—m. D. J. B. 

Durgapur Steelworks. (Brit. Eng., 1957, 89, Feb., 285-288). 
Plans for the works and items of equipment to be supplied 
by British firms are outlined. 

The Modernization and Expansion Programme of the Tata 
Iron and Steel Company Ltd., Jamshedpur. S. N. Sircar and 
P. H. Tata. (Tisco, 1957, 4, Jan. 1-61). A comprehensive 
illustrated account, with plans of alterations providing for 
production of 987,000 t steel per year without a strip mill and 
with the existing blooming mill. The coke ovens were replaced, 
a sulphuric acid plant built, D blast furnace to be enlarged, 
steelmaking shop No. 3 to be extended, blooming mill and 
soaking pits to be improved and the plate mill. A skelp and 
strip mill t: be installed, boilers to be replaced, electrical 
equipment for receiving and distributing power to be provided, 
the calcining plant to be improved and a tube mill to be 
installed. These and other details are then carefully reviewed. 

The Refractory Lining of Crucible Furnaces (Fonderie, 1956, 
Dec., 513-515). The use of rammed siliceous, or silicon 
carbide linings for crucible melting furnaces as alternatives 
to alumino-silicate brick linings is discussed. The possible use 
of silicon carbide bricks is very briefly considered.—B. ©. w. 

Chemical Equilibria in the Basic-Bessemer Converter. A. 
Decker. (Arch. Eisenhiittenwesen, 1957, 28, Feb., 57-64). A 
method has been developed to calculate, with sufficient 
accuracy, the Mn, O, P and S contents of basic Bessemer 
baths at the end of blowing. A number of metallurgical con- 
clusions are drawn, e.g. that the manganese in the crude iron 
favours desulphurization, but impedes dephosphorization, 
and that the oxygen content is solely determined by the 
phosphorus content.—t. J. L. 

Steel Making in Open Hearth Furnaces. (Bol. Min. Indust., 
1955, 34, Aug.-Sept., 445-449; Oct., 515-520; Nov., 571-575). 
I. Hisorical and general descriptions are given of O.H. furnace 
with comparisons with Bessemer practice. In North America 
90% of steel ingots are cast from O.H. furnaces and 5% from 
Bessemer. In Spain the figures are 65% and 30%. Fuel used in 
O.H. is described. II. Descriptions of the preparation of fuel 
for the O.H. furnace are given and a general survey of types 
and sizes. The capacity can vary from 10-500 t but the most 
economical range is 150-250 t used in North America and 
Great Britain. 60-150 t is more usual on the Continent. 
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Regenerators and reversal systems as well as auxiliary 
equipment and instrumentation are described. III. A deserip- 
tion is given of the operation of basic and acidic O.H. plants. 
The chemical reactions involved in steel making and slag 
formation are given with comments on the problem of 
desulphurization and dephosphorization.—J. R. P. 


Statistico-Thermodynamical Studies on Fundamental Reac- 
tions Concerning Steel-Making. IX. Oxidation and Reduction 
Equilibrium of Magnetite with Gas Phases. 8. Takeuchi and 
K. Furukawa. (Nippon Kinzoku Gakkai-Si, 1955, 19, May, 
326-329). [In Japanese]. The inverse-spinel type of Fe-O- 
lattice is considered theoretically, and the stoichiometric 
excess of oxygen in oxidizing conditions is explained in terms 
of electron defects and additional Fel!!! ions. Calculations of 
the partition function, the oxygen equilibrium and the 
temperature agree with observed values. (10 references). 

Handle Press Scrap Fast for Bigger Profits. J. EK. Hyler. 
(Iron Age, 1956, 178, Dec. 13, 130-131). A review of scrap 
collection and handling in general terms. 

The Changing Open Hearth Picture. K. C. McCutcheon. 
(Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 31-46). 
The work of the O.-H. Steelmaking Practice Technical 
Committee is outlined and a comparison of output and opera- 
ting data on a statistical basis is given with notes on improve- 
ments and outlook. 

The All-Basic Open-Hearth Furnace. K. P. Heuer and M. A. 
Fay. (Iron Steel Eng., 1957, 34, Feb., 95-117). In a com- 
prehensive review the authors describe the history of the all- 
basic O.H. furnace, the refractories, the construction of the 
furnace and roof, the operation of the furnace and finally its 
economics. (209 references).—M. D. J. B. 

Aerodynamic Constitution of Open-Hearth Furnace. I. H. A. 
Hashimoto. (Tetsu to Hagane, 1956, 42, Oct., 950-955). [In 
Japanese]. Characteristic parameters defining O.H. produc- 
tivity are discussed, as are the effects of the type and arrange- 
ment of various components on them. These factors are most 
easily studied with small-scale models, which are essential for 
design.—K. E. J. 

Operation of Open-Hearth Furnaces with Additional Air Feed 
into the Gas Port. S. N. Bystrov, A. A. Dobrokhotov and 
A. N. Morozov. (Stal’, 1956, (7), 597-601). [In Russian]. In 
the method described supplementry air is injected into the 
gas stream entering the O.H. furnace through a Venturi port 
and burns part of the gas. This was found to increase the 
productivity of a furnace working on mixed gas by 5-7% and 
reduce fuel consumption by enabling the quantity of blast- 
furnace gas to be decreased without appreciable increase in 
coke-oven gas consumption per ton of steel. Work with 
models showed the improvements to be due to increased 
gas velocity, leading to better combustion and increased 
flame temperature.—s. K. 

Blowing the Bath with Oxygen in the 0.H. Conversion of 
High-Phosphorus Pig Irons. Ya. A. Shneerov, G. N. Oiks, V. V. 
Leporskii, V. G. Sladkoshteev, A. I. Sukachev and P. N. 
Slepkanev. (Stal’, 1956, (7), 587-596). [In Russian]. Experi- 
ments made in 1954-55 on 350-ton tilting O.H. furnaces on 
high-phosphorus pig iron at the Azovstal’ works are described. 
Oxygen blown through the back wall into the bath was found 
to reduce tap-to-tap time 2} times as much as oxygenation of 
the flame. By adding 2000 cu. m. of pure oxygen to the bath 
during melt-down, hourly production was increased by 
12-13%, fuel consumption per ton of steel falling by 14-15%. 
The roof did not suffer but increased dust carry-over led to the 
slag in the slag-pockets increasing by 25%. Metal quality 
deteriorated through oxygen blowing only if the blow was 
continued beyond a critical time depending on the type of 
steel.—s. K. 

Central Station Relining Unit Cuts O.H. Door Costs at Gary. 
(Iron Steel Eng., 1957, 84, Feb., 184-187). A central station 
for rebuilding O.H. furnace doors is described. It is claimed 
that this has led to increases in door life at the Gary Works of 
U.S. Steel Corp.—m. J. D. B. 

Present State of the Development of Waste-Heat Boilers and 
Hot-Cooling Installations for Open-Hearth Furnaces. W. 
Schemmann. (Stahl u. Eisen, 1957, 77, Jan. 24, 78-84). La- 
Mont boilers with or without additional heating are mostly 
used for waste-heat boilers and some types are described in 
detail. Particulars of new designs of door frames for hot- 
cooling systems are shown and the further trends in the 
combination of waste-heat boiler and hot cooling outlined. 
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Experience Obtained, in Particular with Respect to Break- 
downs, with Waste-Heat Boilers and Hot-Cooling Installations 
of Open-Hearth Furnaces. W. Heil. (Stahl u. Eisen, 1957, 77, 
Jan. 24, 84-91). Contamination and furring of the boiler in 
the combination of hot cooling and waste-heat use are the 
greatest disadvantages of this method. Several processes of 
cleaning are described and discussed with respect to the type 
of boiler employed. The causes of breakdown of the plants are 
attributed to corrosion of the door frames, inadequate design, 
mechanical damage of the pipe system, poor feed-water, and— 
most of all—mistakes in operation.—t. G. 

The Cleaning of Waste-Heat Boilers of Open-Hearth Fur- 
naces. P. Jacobi. (Stahi u. Eisen, 1957, 77, Jan. 24, 91-95). 
The 90-ton o.h. furnace to which the waste-heat boiler is 
attached has an heat input of 9-11-5 x 10° cal. per h. Clean- 
ing of the boiler with pressure water first once a week and later 
every other day was not sufficient and was too costly. Clean- 
ing with steel balls 4-7 mm in dia. every hr or so was, how- 
ever, successful. The method is described in detail.—r. Gc. 

Economic and Technical Results Obtained in the Operation 
of Waste-Heat Boilers and Hot-Cooling Installations of Open- 
Hearth Furnaces. M. Zur. (Stahl u. Eisen, 1957, 77, Jan. 
24, 95-100). A detailed cost accounting for two 120-ton O.H. 
furnaces with waste-heat boilers and hot cooling is presented. 


Determining the Minimum Power Consumption in Arc 


Furnaces. N. A. Markov. (Stal’, 1957, (5), 419-422). For- 
mule previously advanced for power consumption are 


criticized as various fluctuations in the feeder network and 
losses in transformer cores are ignored. Formule taking these 
factors into account are presented. 

An Experiment in the Production of Transformer Steel. G. 
M. Borodulin, G. F. Morenko and V. P. Frantzov. (Metallurg, 
1956, (3), 14-16). [In Russian]. Transformer steel is refined in 
are electric furnaces in Dneprospetzstal. At the start of 
refining the metal is reduced with crushed silicocalecium. Hot 
run of melting secures low content of carbon (0-02°%) and 
sulphur (0-004-0-005°,). Degasification is secured in a 
vacuum chamber, otherwise the temperature of the metal is 
lowered prior to alloying with silicon.—s. I. T. 

Fume Extraction from Arc Furnaces. J. Bain. (Foundry 
Trade J., 1957, 102, June 20, 763-764). An installation draw- 
ing the fumes directly from the furnace through a side 
opening is described. 

Larger Mains-Frequency Induction Melting Plants. A. 
Cella and K.-H. Brokmeier. (Z. Metallkunde, 1957, 48, Apr., 
201-205). The advantages of large induction melting units 
operating at mains frequencies are discussed with reference to 
seven illustrative examples.—t. D. H. 

German Engineering Steels and Their British Equivalents. 
W. B. Kemmish. (Machinery, 1957, $0, Jan. 11, 84-89). 
Standard specifications are tabulated. 

Development of a Deep Drawing Steel. K. Daeves. (V.d.I.Z. 
1957, 99, March 1, 293-295). This is an historical contribution 
designed to illustrate important features of technological 
research. It is based on the author’s work some twenty to 
thirty years ago, which led to the development of a converter 
steel with satisfactory deep drawing properties. An important 
feature of the work was the use of statistics of nitrogen 
and phosphorus contents of numerous casts.—J. G. W. 

Cold Rolled Sheets Containing V or Al for Deep-Drawing. 
D, A. Litvinenko, A. A. Rastorguev and V. K. Barzii. (Stal’, 
1957, (5), 445-449). Low-C rimmed steel with 0-03-0-04° V 
or killed steel with 0-07°, Al have stable good mechanical 
and drawing properties. Attempts to eliminate formation of 
surface flaws in killed steel have failed so far. 

The Development of Low Alloy, Heat Treatment Steels. 
G. Delbart and A. Michel. (Bull. Cercle Etudes Mét., 1956, 7, 
Dec., 83-112; Mem. Soc. Ing. Civils France, 1957, Jan.-Feb., 
22-49). A comprehensive review of modern trends in low 
alloy steels suitable for heat treatment is presented. Work in 
France and the U.S.A. is cited. Methods of conserving 
alloying elements are stressed.—B. G. B. 

Alloy Steel Retains Hardness at High Temperature. (Mat. 
Methods, 1957, 45, June, 163-164). A steel developed by 
Republic Steel Corp. and made into bearings by Bower 
Roller Bearings Div. Federal- Mogul- Bower Bearings Inc. with 
3°, Ni, 1-5% Cr and 5°, Mo is described. Hot hardness 
compared with two 8.A.E. steels is shown and hardness is 
recovered even after heating to 1000° F. 

A Special N-80 Steel Tubing Developed in France to Resist 
Sulphide Stress Corrosion in Sour Gas Wells. L. Cauchois, 
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J. Didier and E. Herzog. (Corrosion et Anticorrosion, 1956, 
4, May, 157-165). A Cr—Al-Mo steel heat treated to give a 
stable carbon-free ferrite with highly dispersed fine carbides 
was developed to resist sulphide stress corrosion. The theoreti- 
cal basis of the choice of steel is given together with results of 
various stress corrosion tests, remarks on pipe manufacture 
and encouraging field trial data.—J. F. s. 

Evolution of the Use of Molybdenum in the Manufacture of 
Steels in France. L. Colombier. (Mét. Constr. Mécan., 1957, 
89, Feb., 105-111). Three main groups of molybdenum steels 
are used: structural steels, stainless steels and heat-resistant 
steels. The resistance of stainless steels to various chemical 
reagents and the behaviour of high temperature steels at 
elevated temperatures are reviewed. Tables and graphs 
showing the improvement achieved by the addition of Mo in 
hardenability, resistance to annealing and reduction in 
brittleness are given.—B. G. B. 

General Characteristics of Stainless Steels. ©. Galletto. 
(Rivista Mecc., 1955, 6, Sept. 3, 5-13). [In Italian]. After a 
brief historical review of the development of stainless steels, 
the author describes their resistance to corrosion, passivity, 
and the effects of Cr and Ni in those steels which he groups 
under the headings of martensitic, ferritic and austenitic. 
Chemical compositions are given together with the mechanical 
properties of the steels. The effects of additions of special 
elements are discussed and practical applications are reviewed. 

Stainless in Aircraft Design. E. A. Loria. (Steel, 1956, 189, 
Nov. 5, 142-143; Nov. 12, 152-154). Compositions, high- 
temperature strengths and welding characteristics of aus- 
tenitic and martensitic grades are given. A table comparing 
the two for cold-worked, stretch-formed, low-temperature 
aged and annealed states is also included. 

Hot Strength High-Chromium Steels for Use at 550-600° C. 
L. Ya Liberman and A. V. Boeva. (Metallovedenie i Obrabotka 
Metallov, 1956, 2, (6), 16-25). Ferritic-martensitic steels with 
12% Cr with B, N, and other elements were tested by im- 
pact, tensile and creep tests and their structures examined. 
High temperature strength is highest with 0—20°, ferrite and 
is much reduced over 30°,. Steel with 0-15-0-18°, C is 
superior to 0-28% C steel and alloying with W -- Mo is better 
than with either alone. Ti and Nb ferritize the steels and 
reduce strength, N raises it. Steels for turbine blades are 
recommended. 

Properties of 45 Steel with Boron. Y. E. Gol’dshtein, L. ( 
Lyakhovich and G. M. Trusenev. (Stal’, 1957, (5), 449-452). 
Addition of 0-002—0-006°% B to steel with 0-42-0-50°, C, 
0:-17-0-37% Si, 0-5-0-8% Mn, 0-39, max. Cr, 0°3% max. 
Ni, 0-045°%, max. 8 and 0-04°, max. P increases hardenability 
and other properties. It is used for crankshafts and other 
parts for induction hardening. 

og cog of the Weight of Liquid Steel in the Ladle 
during Casting. A. P. Rogach, P. K. Turikova and A. S. 
Romanenko. Tatenaliece: 1956, (2), 38-39). [In Russian]. The 
apparatus described consists of two steel rods placed between 
the two layers of lining of the ladle, connected by wires to an 
accumulator coupled to a galvanometer. When liquid metal 
is present between the ends of the two rods the circuit is 
closed. This allows the measurement of the quantity of 
liquid metal left in the ladle during casting.—s. I. T. 

Ingot Manual. Foundry Services Ltd. (Foseco Pamphlet, 
[1957], pp. 33). An account of the uses of proprietary exo- 
thermic compounds, with a review of steel ingot moulding, 
shrinkage effects, and common defects. 

Towards Bigger Gas-Free Ingots. (Stee/, 1956, 189, Nov. 
12, 144). The method of ** stream degassing ”’ steel by spray- 
ing it into a ladle “a a vacuum is explained. A 250 ton unit is 
being built.—-pb. L. c. P. 

Effect of Ulizasonics on the Structure and he of a 
Steel Ingot. Ya. B. Gurevich, V. I. Leont’ev and I. I. Teumin. 
(Stal’, 1957, (5), 406-411). A 27° Cr and a 25/20 Cr-Ni 
steel ingot were examined and improved macro and micro- 
structures were obtained. Prints are given with and without 
ultrasonic treatment and mechanical properties are shown. 
Grain size was reduced, columnar crystals almost disappeared, 
and non-metallic inclusions were reduced in size and more 
uniformly distributed. 

Bibliography on the Continuous Casting of Steel. 1934-1957. 
(Iron and Steel Institute, Bibliographical Series No. 21, 1957, 
pp. 21). 

How Can the Theory of Solidification and Crystallization 
Contribute to the Development of Continuous Casting. N. 
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Chvorinov. (Hutnické Listy, 1957, 12, (3), 196-201). [In 
Czech]. The theoretical basis of the correct casting technology 
is considered, with particular reference to steel. Mould design, 
ingot shape, ingot and mould cooling, ingot withdrawal rates, 
the effect of superheat, and cther aspects of the process are 
shown to affect the uniformity and thickness of the skin 
formed in the mould. A formula showing the main variable 
affecting the skin strength is given.—P. F. 


PRODUCTION OF FERROALLOYS 


Rapid Metallurgy. (Ugine-Perrin System). (Aciers Fins 
Spéc. Frang. 1957, Mar., 46-64). [In French, English, German, 
Spanish and Italian]. Intimate contact of metal and slag is 
obtained by pouring metal into slag from a considerable 
elevation. Applications to ferrochrome and ferromanganese 
are described. 

Chromium Alloys. H. Willners and K. A. Ottander. 
(Jernkontorets Legeringsmonografier, 1955, (3), pp. 45). [In 
Swedish]. The manufacture of five types of chromium alloys 
is described. Commercial data are given, and the properties, 
composition and applications of the alloys are discussed. 
(80 refs.).—L. D. H. 

Manganese Alloys. H. Willners and K. A. Ottander. 
(Jernkontorets Legeringsmonografier, 1954, (2), pp. 44). The 
manufacture, properties, composition and applications of 
several types of commercial manganese alloys are described. 
(77 ref.).—1L. D. H. 

Tungsten Alloys. H. Willners and K. A. Ottander. 
(Jernkontorets Legeringsmonografier, 1956, (4), pp. 37). [In 
Swedish]. The occurrence of tungsten ores and manufacture 
of tungsten and some of its alloys are described. A section 
deals with the properties, physical constants and chemical 
composition, and commercial applications are discussed. (49 
ref.).—L. D. H. 

Ferrosilicon and Silicon Metal. H. Willners and K. A. 
Ottander. (Jernkontorets Legeringsmonografier, 1953, (1), pp. 
32). {In Swedish]. This monograph gives an outline cf the 
metallurgy of silicon and ferrosilicon, and describes their 
properties and applications to industry. (40 ref.).—L. D. H. 


FOUNDRY PRACTICE 

Standardization of Nomenclature and Symbols for Operation 
in the Foundry Industry. (Gjuteriet, 1957, 47, Apr., 61-63). 
[In Swedish]. A standard code, developed by a committee of 
the Foundry Section of Sveriges Mekanférbund, is proposed 
to cover the usual operations in the foundry.—t. pb. H. 

Melting Furnaces for the Foundry at the GIFA Exhibition. 
H. Hosse. (Giesserei, 1956, 48, Dec. 20, 839-848). A factual 
description of the furnaces exhibited at the recent GIFA 
exhibition is given. These included steel-melting furnaces, 
furnaces for making cast-iron and malleable cast-iron, furnaces 
for non-ferrous metals and heat-treatment furnaces. Numerous 
models of cupolas were exhibited and are described as are 
rotary hearth furnaces, crucible furnaces, and various types 
of electric furnaces.—R. J. W. 

Mains Frequency Induction Furnace. (lect. Rev., 1957> 
160, Mar. 22, 527-528). Melting at 50 c/s. (Elect. Times, 
1957, 181, Mar. 21, 449-450). An account of a coreless furnace 
installed at International Combustion Ltd., Derby, to produce 
spheroidal iron at 8 ewt /h with a consumption of 670 kWh/t. 


Electric Induction Furnaces Operating at Industrial Fre- 
quencies for the Melting of Metals. A. Cella. (Fonderia Ital., 
1956, 5, Sept., 345-351). [In Italian]. The author reviews the 
criteria on which to base the choice of a furnace and the data 
on which to design it. The general characteristics of modern 
induction melting shops are described and some of the results 
of many years’ experience are discussed. (9 references). 

Induction Furnace of Industrial Frequency for the Melting 
of Ferrous Alloys. E. Calamari. (Fonderia Ital., 1956, 5, 
Nov., 413-416). [In Italian]. A brief review is given of the 
various types of induction furnaces with their operating 
characteristics and principal design features.—m. D. J. B. 

Hard Abrasion-Resisting Cast Irons, Properties and Applica- 
tions. O. Barbavara di Gravellona. (Rivista Mecc., 1956, 7, 
May 26, 27-32). [In Italian]. The author describes the nature 
and properties of hard cast irons, both white and Ni-Hard 
irons, and shows where these can be used in machine parts 
and how they can be worked with normal machine tools. 
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New Process for Making Nodular Iron. (Svee/, 1956, 139, 
Oct. 22, 83-84). The process in use at Allis-Chalmers Mfg. Co., 
for producing an easily machinable and ductile iron without 
annealing, is described. Electric furnace or cupola irons are 
made to react with mixtures of sodium and magnesium 
chlorides with calcium silicide as a reducing agent. These 
substances give the best commercial results, but many others 
have been used in experiments.—D. L. C. P. 

Cast Iron with Nodular Graphite. H. Miihlberger. (Z.Vd/J, 
1956, 98, Aug. 21, 1449-1461). The magnesium treatment is 
the only one which has established itself in practice. Small 
alloying additions and heat treatment can greatly influence 
the structure of the matrix, which determines the properties 
of the cast iron. Spheroidal iron can be hardened, surface 
hardened, welded, tinned, and galvanized and has better 
machining qualities than cast steel or Cr45 steel, better wear 
resistance than grey cast iron, etc. Data to support these 
claims are presented and examples of uses including crank- 
shafts, rolls, impellers for cyclone dust precipitators, and large 
gears. (30 references).—J. G. W. 

Spheroidal Graphite Iron. J. Vazquez Lopez. (Anal. Mee. 
Elect., 1956, 38, Nov.-Dec., 283-289). [In Spanish]. The 
properties of this type of iron are discussed and compared 
with those of flake grey iron and cast steel. The manufacturing 
technique is described and makes particular reference to the 
method of adding magnesium. Illustrations of products made 
of spheroidal graphite iron are given.—»?. s. 

Spheroidal or Malleable Cast-Iron. F. Hochleitner. (Eng. 
Min. e Met., 1956, 28, Mar., 139-140). [In Portuguese]. A 
brief account of the nature and advantages of nodular cast- 
iron is given. It is suggested that its use in Brazil (partly as 
a substitute for malleable irons) would be advantageous.—P. s. 

Redesigning for Malleable Iron Castings. D. B. Fulton, 
J. R. Entenmann, and T. J. Kirby. (Mat. Methods, 1956, 
43, June, 140-142). Toughness, ductility, resistance to 
atmospheric corrosion and machinability are considered and 
its substitution for grey iron and for forgings is considered 
with an account of the changes in design called for. 

Green Sand Moulding of Large Steel Castings. ©. W. Briggs. 
(Foundry Trade J., 1957, 102, Jan. 10, 35-43; Foundry, 1957, 
85, Jan., 86-93). After definitions of terms relating to 
materials and sizes applications, sands and sand mixes, new 
and reclaimed facing sands, all-purpose sands and backing 
sands; mulling, transportation, and storage; drying and cores; 
problems and advantages are reviewed. 

The Washburn Technique in Steel Castings. M. Notte. 
(Fonderia Ital., 1956, 5, Nov., 417-421). [In Italian]. Details 
are given of the Washburn method of making steel castings. 
The merits of the method are discussed in some detail. 

The Steel Founding Industry. (The Financial Times, 1956, 
Oct. 12, reprint). Steel Castings. G. M. Menzies. (1-2). A 
review of various aspects of the industry. Scientific Research. 
C. H. Kain. (3-4). An account of the British Steel Castings 
Research Association and allied bodies. Product Application. 
F. N. Lloyd. (4-5). Co-operation with Customers. F. Crerar. 


(5-6). Health Precautions. D. W. L. Menzies. (6-7). Raising 
Productivity. F. A. Martin. (7-8). 
Largest Steel Casting ? G. Schmidt. (Foundry Trade .J/., 


1957, 102. Jan. 17, 79-81). An account of the 257-ton roll 
housing cast by Bochumer Verein and shown at Diisseldorf 
in September. 

The Heaviest Casting in the World with a Weight of 257 
tons. G. Schmidt. (Giesserei, 1956, 48, Oct. L1, 694-697). 
The heaviest roll-stand in the world, made from a single 
casting is described together with its method of manufacture. 
The casting weighs 257 tons, stands 11-4 metres high, is 
4-43 metres wide and has a head 1-77 metres thick. 380 tons 
of liquid steel were required for the casting. The complete 
process, from pattern making, mould preparation, to the 
casting and subsequent cooling, dressing and annealing is 
described in detail and illustrated in 10 photographs.—Rr. J. w. 

Stainless Steel Castings Vital to Fruit Juice Processing Equip- 
ment. (INCO Magazine, 1956, 26, July, reprint). 

‘Compo ” and Chamotte Moulding. R. Wright. (Foundry 
Trade J., 1957, 102, Jan. 17, 69-73). Materials for heavy steel 
casting are discussed and their compositions considered, 
Comparisons with U.S. bonded silica and continental chamotte 
are made. 

Ramming Cores With Reclaimed Sand. H. W. Haynes. 
(Castings, 1956, 2, Aug., 20-23). The production at the 
National Gas and Oil Engine Co., Ltd. of oil-sand cores using 
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impeller ramming in conjunction with reclaimed sand from 
a Hydroblast plant, is described in detail.—s. c. w. 

On the Addition of Sawdust to Moulding Sand. H. Eppstein. 
(Giesserei, 1956, 48, Sept. 27, 656-658). Experiments on 
mixtures of quartz sand with 4°, bentonite added, together 
with either 3°/ sawdust or 3°, bituminous coal are described. 
The effect of these additions with time on the compression 
strength, the shear strength, and the permeability are illus- 
trated graphically. Comparative experiments are described 
with increasing additions of sawdust or coal dust. The 
avoidance of worm-marks on castings by the addition of coal 
dust, pitch, and sawdust is described and illustrated. Com- 
parative tests on the quality of the surface of castings indicated 
that the latter is the best addition to make.—R. J. w. 

Resistance to Deformation and Consistency of Bentonite 
Sand Mixes. V. Montoro. (Fonderia Ital., 1956, 5, Dec., 
465-468). [In Italian]. Statistical data are given on the 
behaviour of various bentonite sand mixes under different 
conditions of fineness, porosity, dampness, and temperature. 

Silicates in the Foundry Industry. (Castings, 1956, 2, July, 
36, 37, 39-43; Aug., 38-39). The applications of silicates in 
the foundry industry is described. The aspects covered 
include the CO,, Antioch, and lost-wax moulding processes, 
the impregnation of porous castings by silicates, and silicate 
coatings for moulds.—-s. c. w. 

Plastics in Patternmaking. P. von Colditz and H. A. 
Burton. (Foundry, 1956, 84, Dec., 98-103). The properties 
of various types of Canadian-formulated epoxy resins suitable 
for making patterns and coreboxes are summarized, and the 
methods used at the Canadian Steel Foundries (1956) Ltd. 
for constructing such items are described. The patching of 
pattern equipment and the casting of small patterns in sand 
moulds is briefly described and the relative costs of metal 
and plastic patterns are compared.—B. C. w. 

Dimensions of Risers for Nodular Iron Castings. H. F. 
Bishop and C. G. Ackerlind. (Foundry, 1956, 84, Dec., 115- 
119; PB 121091; TIDU List 673, 1956, pp. 21). Riser require- 
ments are shown to be a function-of carbon equivalent and 
casting geometry for hypoeutectoid irons. Casting geometry 
is defined by a shape factor involving length, width, and 
thickness. (SF = (L + W)/T). Graphs relating riser volume, 
casting volume, and the above factors are given. Other cases 
are discussed. 

Hydrodynamic Investigations on the Ability to Fill the Molds. 
E. Scheil and D. Pohl. (Giesserei, 1956, 48, Dec. 6, 805-812). 
The value of the casting spiral is first discussed. The experi- 
mental arrangement for carrying out hydrodynamic measure- 
ments on cast iron is described, together with the experiments 
themselves. Comment is made on the hydrodynamic back- 
ground to this work. The measurements on the liquid metal 
are then related to this general hydrodynamic theory. A 
considerable amount of discussion on this paper is appended. 

Structure and State of the Technology of Foundry Machines. 
W. Gesell. (Z.VdI., 1956, 98, Aug. 21, 1469-1470). The 
position of the German foundry machine industry is assessed. 
Attention is drawn to the need for more research and for 
training facilities for designers.—s. G. w. 

Recent Developments in Core and Mould Making Processes. 
S. K. Bhattacharjee. (Royal Technical College Metallurgical 
Club Journal, 1955-6, (8), 33-41). The C and D and CO, 
processes are reviewed. 

Melting of Grey Iron in the Basic Cupola. B. Sochor. 
(Slevarenstvi, 1956, 4, July, 239-248). In an experimental 
500 mm cupola melts were carried out with a CaO + MgO : SiO- 
ratio of 1-5-2. Desulphurization increases with basicity but 
melting becomes more difficult. Periclase—forsterite, mag- 
nesite—LID and chrome-magnesite were examined Magnesite— 
LID was found most suitable and bonded unburnt brick was 
successful. It was found that the bottom could be dropped 
and the drop coke extinguished with water without damage 
to the lining. 

Experiences in Operating a Wet Spark Arrester on a Cupola. 
M. M. Hallett and T. Shaw. (Brit. Foundry., 1957, 50, Mar., 
128-131). An arrester consisting of an expansion chamber 
containing a water-cooled central baffle and washed by a 
special fine-spray nozzle is described. Grit trapped is 16 lb/t 
metal melted and water loss 4-6 gal/min. Costs are discussed. 

The Improvement of Cast Iron. H. Schiffers. (V.d.I.Z., 
1956, 98, Nov. 1, 1764-1765). The increase of air blast 
temperature in the basic hot blast cupola has simplified the 
production of highly carburised, low sulphur content, grey 
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iron. This development should allow a reduction in safety 
margins allowed by constructors for cast steel. The design 
of a mould for the continuous casting of cast iron tubes up to 
10 m long and 1 m in diameter is illustrated.—J. R. P. 

The Casting of Constructional Materials. K. Roesch. 
(V.d.J.Z., 1956, 98, Nov. 1, 1749-1756). A review of the 
equipment exhibited at the International Technical Foundry 
Fair at Diisseldorf in September 1956. The hot blast cupola 
has proved itself and, in spite of the improved rate cf melting 
which it gives, the consumption of coke is reduced. Various 
types of furnaces and furnace improvements are described 
including high frequency and mains frequency incuction 
types. Labour saving devices allowing fully automatic series 
casting in the foundry and the removal of various bottle necks 
in manual work are described. Machinery for the improve- 
ment of sand moulds by regular pressing and the preparation 
of sand with a uniform moisture content were also exhibited. 


Experience With a Coreless, Mains Frequency, Melting 
Furnace. T. R. Twigger. (British Foundryman, 1957, 50, 
Jan., 32-38; discussion 38-39). The coreless and core-type 
mains frequency furnaces are compared and a brief description 
is given of the first such coreless furnace installed in this 
country. Operating experiences with the furnace are dis- 
cussed and the aspects covered include electrical input under 
various conditions, furnace linings, electrical efficiency, 
recarburization, desulphurization, the melting of borings and 
running costs.—B. C. W. 

International Standardization of Cast Iron. G. Cola. (Fon- 
deria Ital., 1957, 6, Jan., 25-30). [In Italian]. An account is 
given of the proceedings of The 23rd Foundry Congress held 
in Diisseldorf in Sept., 1956. Attempts are made at stan- 
dardizing the testing of cast irons and at rationalizing their 
classification by structure.—m. D. J. B. 

Progress in Quality of Cast Iron. D. Fortino. (Fonderia Ital., 
1957, 6, Jan., 8-15). [In Italian]. The various developments 
which have contributed to improving the quality of cast irons 
are reviewed. Reference is made to the production of grey and 
alloyed irons, to malleable pearlitic irons, to spheroidal and 
highly alloyed irons and to their heat treatment.—u. D. J. B. 


Studies on the Relation between Mass Effect and Oxygen 
Content of Cast Iron. M. Homma and T. Ando. (Nippon 
Kinzoku Gakkai-si, 1954, 18, Aug., 489-494). [In Japanese]. 
The “ mass effect ”’ (difference in properties between inner and 
outer parts in large castings) is less when the oxygen content is 
lower. In these conditions the graphite structure and pearlite 
lamelle are not so much affected by cooling rate or thickness 
of the castings.—kK. E. J. 

Malleable Cast Iron. F. Roll. (V.d.J.Z., 1956, 98, Nov. 1, 
1765-1767). A general description is given of improvements in 
melting furnaces by which tight tolerances of alloying may be 
adhered to. It is suggested that improvements in malleable 
cast iron production practice will open further fields of applica- 
tion for this material.—,J. R. P. 

Our Task in the Production of Malleable Cast Iron. Z. 
Hostinsky. (Problems and Perspectives of Czrchoslovak 
Metallurgy and Foundry, 1956, 423-433). In Czechoslovakia 
about 2% of all the ferrous castings are malleable, A review 
of the industry is given and improvements and economies are 
called for. Work at Brno shows that the duplex unit cupola- 
are furnace and annealing ovens with protective atmosphere, 
or salt baths, could be used successfully. 

Report of a Mission to the United States Concerning the 
Manufacture of Malleable Irons. J. Ménat. (Fonderie, 1957, 
Jan., 24-28). Information gained from visits to twenty-five 
American foundries on current American practice for the 
manufacture of malleable iron castings is summarized.—. C. W. 

The Effect of Grain Size on the Mechanical Properties of 
Ferritic Nodular Irons. G. N. J. Gilbert. (Brit. C. I. Res. 
Assoc. J. Res. Dev., 1956, 6, Dec., 430-435). If the usual 
two-stage ferritizing anneal, consisting of heating at about 
900° C in the austenitic range and then at 690° C below the 
critical range is modified by heating for a sufficient time to 
austenitize completely at a lower temerature than 900° C, 
nodular irons with a fine grain structure can be obtained. 
Fine grain materials have substantially increased proof 
stresses and are more ductile since the ductile to brittle 
transition temperature is decreased.—B. G. B. 

Formation of Structure in Piston Rings. V. Oliverius. 
(Problems and Perspectives of Czechoslovak Metallurgy and 
Foundry, 1956, 405-415). Graphitization of grey cast iron is 
described. Effects of superheating and of supercooling are 
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discussed and tests are described. The succession of structures 
obtained as degree of supercooling decreases is: ledeburite, 
nodular graphite, supercooled graphite, lamellar graphite and 
again supercooled graphite. 

The Economics of Using Spheroidal Graphite Iron. D. 
Mensa. (Rivista Mecc., 1956, 7, April 14, 37-41). [In Italian]. 
The author shows that because of the high mechanical charac- 
teristics of spheroidal graphite iron and because of its easy 
machinability its use can lead to substantial economies. An 
example is given in which a rough casting of spheroidal iron 
costing 46% more than a grey iron casting led to a saving of 
8% on the final cost of the finished machined part.—. D. J. B. 

Use of Spheroidal Cast Iron and Its Heat Treatment. ©. 
HlousSek. (Slevarenstvi, 1957, 5, Mar., 65-72). Parts for 
agricultural machinery and automobiles were examined. 
Composition, heat-treatment, hardness and microstructure 
are tabulated and the effects of annealing, normalizing and 
similar treatments on internal stress and ferritic structure are 
shown. 

Notes on Steel Foundry Developments. G. Blasich. (Fon- 
deria Ital., 1957, 6, Jan., 3-7). [In Italian]. The author 
reviews recent steel foundry techniques. Mention is made of 
steelmaking processes, furnace design, refractory linings, 
moulding sands and moulding machines, the Croning and lost 
wax processes. Details are also given of the Shaw, * Mercast ’ 
and Schmidt and Philips processes.—m. D. J. B. 

Tilt Pouring of Steel Castings. M. Skala and Z. Kosiovsky. 
(Slevarenstvi, 1957, 5, Jan., 2-4). Advantages of the process 
and calculation of risers are given and illustrated with practical 
examples. The yield of metal is increased by an average of 
11-3%. 

Pouring Steel oe for Steam Turbines. F. Mayan. 
(Slevarenstvi, 1956, 4, May, 154-158). Pouring of Cr-V-W 
steel turbine casings is described using risers to reduce the 
metal losses, previously 50-55%. 

Construction Features and Materials for Steel Castings. A. 
Heuvers and H. Zenner. (V.d.J.Z., 1956, 98, Nov. 1, 1756— 
1763). The satisfactory production of steel castings is depen- 
dent to a large extent on the shapes desired. Examples of 
complicated shapes which may be flawlessly cast by controlling 
the solidification are given. The fields of application for heat- 
resistant, corrosion-, and wear-resistant materials are outlined. 
In steam turbines ferritic cast steel withstands working 
temperatures of 600° C. High nickel content, heat-resistant 
cast steel is resistant to thermal shock. The latest U.S. 
development is Hastelloy with nickel as the basis of the alloy 
instead of iron.—4J. R. P. 

Stainless Steels for Castings. ©. Pe. (Rivista Mecc., 1955, 6, 
Sept. 3, 23-28). [In Italian]. The author describes foundry 
practices for the production of corrosion-resisting and high 
temperature-resisting castings. The analyses of these two 
groups of steels are given.—uM. D. J. B. 

On the Production of Pyroferal Castings. Z. HEminger. 
(Materidlovyy Sbornik, 1956, 117-140). [In Czech]. Melting, 
casting techniques, shrinkage, choice of sands, the design of 
gating systems and other aspects of foundry processes related 
to Pyroferal castings are considered. The alloy, essentially a 
high carbon steel with about 30% of aluminium as the principal 
alloying element, although possessing excellent characteristics, 
needs to be used with discretion. Guidance on this point is 
given.—P. F. 

The Casting Properties of Some Nickel-Base and Other 
Nickel-Containing Alloys. D. R. Wood and J. F. Gregg. 
(British Foundryman, 1957, 50, Jan., 2-14). Using a spiral- 
pattern test procedure and sand moulds the dependence of 
fluidity and casting quality on pouring temperature was 
determined for a series of nickel-containing alloys including 
Inconel, Nimonice DS, Nimonie D, 18/8 stainless steel and HR 
Crown Max. Fluidity is defined as the length of casting run 
and casting quality as the percentage of the whole spiral 
length which had satisfactorily reproduced the mould contour. 
It is shown that fluidity is dependent on the degree of super- 
heat, but casting quality is related rather to composition. 
The effect of composition and the possible influence of liquid 
oxide films on casting quality is briefly discussed.—B. c. w. 

Near Miracles can be Worked in Sand. (Brit. Steel Found. 
Assoc., 1957, pp. 18). A brochure on steel casting. British 
Standards are summarized. 

Norrahammar’s Automatic Sand Treatment Plant. C. G. 
Séderlund. (Gjuteriet, 1956, 46, Nov., 147-151). [In Swedish]. 
One of the world’s most modern sand preparation units has 
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been installed at the Husqvarna works. It consists of two 
20 t/h units, and plans have been made for a third. The 
moisture content of the sand is adjusted on the basis of its 
dielectric properties as measured between condenser plates, 
the equipment being compensated to allow for temperature 
variations in the return sand. Details are given of the equip- 
ment and its ventilation system. Up to 600 lbs of dust is 
extracted daily, 90% of which is returned to the moulding 
sand.—G. @. K. 

Research on Czechoslovak Foundry Sands, 1950-1955. 
J. Diezek. (Slevarenstvi, 1956, 4, May, 145-154). A review of 
local resources is given. There is a shortage of sand for high 
grade castings but clay sands are common. There are large 
deposits of silica sands but modern plants for washing and 
screening are needed. Some deposits are still to be examined. 

The Actual Position of Czechoslovak Foundry Sands. J. 
Dlezek. (Slevarenstvi, 1957, 5, Jan., 71-86). Properties of 
184 silica and clay sands are tabulated based on a standard 
specification, with notes on uses, treatment and value. 

Flowability of Foundry Sands. A. Tipper. (British Foundry- 
man, 1957, 50, Feb., 62-65). Previous work on the flowability 
of foundry sand, i.e. that property of a sand that enables it to 
flow round a pattern under an applied stress, is reviewed and 
discussed with particular reference to the different methods 
used for comparing the relative flowability of sands.—n. c. w. 

Elevated-Temperature Testing of Moulding and Core Sands 
and Correlation with Casting Quality. H. W. Dietert, V. M. 
Rowell and A. W. Graham. (Foundry Trade J., 1957, 102, 
Mar. 28, 379-388). A review is presented designed to ‘bring 
the results of investigations into practical foundry processes. 
Methods ot study, defects and their causes and remedies are 
described. 

Properties of Moulding Materials at Elevated Temperatures. 
L. Petrzela. (Slevarenstvi, 1956, vol. 4, Oct., 61-70). Natural 
and synthetic mixtures were used. Compressive strength at 
high temp. with slow heating is highest with clay binders at 
900-1000° C. Below 600° C the strength is up to twice that 
after drying. Over 1000° strength decreases suddenly. 
Thermal expansion was found to depend little on binder. 
Quartz sand mixtures have expansions 1-5-2), fireclay 
mixtures 0-7%. Maximum strength for chemically hardened 
mixtures occurs between 450-—550° C, over 600° it decreases. 
Conversion of caleium—bentonite to Na increases strength up to 
3 times. The properties determined are related to crack and 
swell formation and to scabs and sand inclusions. Behaviour 
of chemically hardened mixtures is reviewed in relation to 
compressive strength. Scab formation is considered, and 
compressive strength measurements are recommended for 
control of natural and synthetic mixtures for dry sand and 
green sand castings. (54 references). 

Use of Vertical Copying Machines in Pattern Shops. \V. 
Beran. (Slevarenstvi, 1957, 5, Feb., 39-47). 

Recent Investigations on Metal Flow in Castings. K. 
Chijiiwa. (Report of the Institute + geen ial Science University 
of Tokyo, 1956, 5, Mar., 298-325). {In Japanese]. Measure- 
ments of hydraulic properties of molten metals, coefficients of 
discharge through gates, pipe friction and change of viscosity 
during solidification are reported. A formula for runnability 
is then derived with a range of error of 25% which is more 
accurate than previous attempts. The general effects of gate 
position, size and casting conditions on runnability in a 
thin plate are then discussed, the running power depending 
upon size of ingate. The relation to mould sand and the 
occurrence of defects is then considered, and further character- 
istics of the gating system are then evaluated, and the defects 
it may give rise to, Photographs (including X-ray), were used 
to study flow and sand effect and inclusions. Flow through a 
manifold-type gate is then considered and a formula for 
flow distribution is advanced. The processes of casting are 
discussed and the change of thickness of a solidifying layer 
under flow conditions is treated, with a formula for solidifica- 
tion time while stationary. Sand heat conductivity, sand 
crack and its cause and the non-adhesiveness of facing sands 
are dealt with finally. 

Feeders for Cast Steel Flanges. 8S. Forslund. (Gjuteriet, 1956, 
46, Oct., 139-141). [In Swedish]. Details are given of 8 
different gating and feeding methods employed and of the 
resultant metal densities in a flange detail for a 70 mm valve 
body. A brief theoretical study is then made of the optimum 
riser size, the following equation being employed: 
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Vr __ ur, Vo/ (1 + P) 
A, fy = (; —P.n 
Ve 
where: n = recovery = = 
. y r 
subscript r = riser 
c = casting. G. G. K. 

The Use of Exothermic Sleeves for Steel Casting Risers. F. 
Vesely and A. Feittekova. (Problems and Perspectives of 
Czechoslovak Metallurgy and Foundry, 1956, 382-391). Tests 
at the CKD Stalingrad steel foundry (Prague) confirm the 
information previously published. A method for carbon steel 
castings up to 1300 kg and for green sand castings is given 
increasing yield by 50% and with promise of other applica- 
tions. 

Chaplets in Grey Iron Castings. Their Dimensions and Uses. 
M. Bednaiik. (Slevarenstvi, 1956, 4, July, 233-238). The 
load under which the stem loses strength was determined in 
experimental castings. In dry and green moulds the pressure 
at which the chaplet head breaks through into the mould was 
measured. Permissible loads and pressures are found. The 
ratio of thicknesses of stem and casting wall is important. 
Pins of circular section were best. Tin plating was the best 
method found for surface protection. 

The Core-Separation Process. R. Schmidt. (Giessereitechn., 
1957, 3, Jan., 3-6). A method new to the East German 
Republic of facilitating the removal of risers, is described. The 
separation core is made of a mixture of pure quartz sand and 
stamping mass from cupola furnaces. The shaping of the 
core, and its applications, are described.—t. J. L. 


Treatment of Cast Iron by Gas Bubbling With a View to 
Decreasing the Chill Depth and Obtaining a Resistant Iron. 
G. Blane and N. Volianik. (Fonderie, 1956, Nov., 439-455). 
Detailed results are given of experiments in which grey and 
white cast irons were treated by bubbling gas through the 
liquid metal in the crucible or ladle. Crucible melted grey and 
white cast irons were treated with oxygen, nitrogen, or air, 
and cupola melted grey iron with air, oxygen, nitrogen or 
propane, The observations made included the depth of chill 
in chill castings, and the hardness, tensile strength, gas con- 
tent and microstructure of sand castings. In general the chill 
castings from the melts treated with gas had a much smaller 
depth of chill and the sand castings from the same melts had 
a slightly lower tensile strength.—. c. w. 

Methods of Testing the Tightness of Castings. H. Anspach. 
(Giessereitechn., 1957, 8, Feb., 35). The tightness of castings 
that must be impervious to gases or liquids under pressure is 
usually tested by checking air-tightness under water or 
water-tightness in air. A method is described of calculating 
the degree of tightness against substances likely to be used 
in practical operation—t. J. L. 

The Use of Sand-Slinger Moulding Machines. V. Otahal. 
(Slevarensivi, 1957, 5, Mar., 67-75). Various types are 
described as well as their installation and use and auxiliary 
devices. The advantages of the sand slinger are indicated. 


Steelfoundry Moulding Materials. J. M. Middleton. (Foun- 
dry Trade J., 1957, 102, Apr. 18, 469-475). Silica sand and 
olivine, zircon and other materials are reviewed and their 
reclamation. Binders are discussed, especially bentonite and 
the CO, process is referred to. Preparation and control of 
sands is then considered and core-making materials and 
methods outlined, including binders and paints. Permanent 
graphite moulds are briefly referred to. (20 references). 


The Planning and Operating of a Mechanized Core Shop for 
the Blowing of Small and Medium Size Cores. J. Hill. (British 
Foundryman, 1957, 50, Jan., 23-29; discussion 30-31). The 
three types of core blowing machines used at Ley’s Malleable 
Castings Co. Ltd., Derby are described and the results of 
detailed studies on the operation of each type of machine are 
presented. The general lay-out of the core-blowing depart- 
ment is then briefly described.—s. c. w. 

Calcined Magnesite as a Mould and Core Wash. S. G. Urane. 
(BHP Technical Bulletin, 1957, 1, Mar., 23-25). 

A Contribution to the Theory of the Waterglass-Moulding 
Method. S. Béhmer. (Geissereitechn., 1957, 8, Jan., 6-9; 
Feb., 26-32). The history of the CO, process is reviewed with a 
survey of the literature with reference to the theory of the 
process in three sections: 1. the basic reaction, 2. specific 
theoretical accounts by various authors and 3. theory and 
practice. Principles of colloid chemistry are then dealt with 
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and the structures and properties of sodium silicate solutions 
are reviewed.—t. J. L. 

Experience with the Use of Chemically Hardened Moulding 
Mixtures in the Vitkovice Works Steel Foundry. A. Koval. 
(Slevarenstvi, 1956, 4, June, 172-182). The method introduced 
by L. Petrizela is described and castings 1100-29500 kg were 
produced. Rapid handling, great strengthening near the 
pattern, withdrawal of risers and repair before hardening are 
required. 

Steels for Pressure Die Casting Dies. K. I. Bengtsson. 
(Metal Treatment Drop Forging, 1957, 24, June, 227-236). 
The stresses involved are discussed and carbon and other 
alloying elements are briefly reviewed. Thermal conductivity 
and liability to stress corrosion are mentioned and the Fe-Sn, 
Al-Fe, Fe-Zn, and Fe—Cu systems examined. Compositions 
and hot tensile properties of Swedish die steels are tabulated 
and tempering curves are shown. Surface treatments, in- 
cluding the Sulfinuz process, are noted. 

Characteristics and Technical and Economic Possibilities 
of Centrifugal Casting. V. Zagnoli. (Rivista Mecc., 1956, 7, 
Sept. 22, 19-27). [In Italian]. This article reviews the pos- 
sibilities, present and future, which centrifugal casting has and 
may have for mechanical engineering. The economics and 
technical advantages of the method are described in some 
detail. (22 references).—m. D. J. B. 

Centrifugal Casting Moves Ahead. N. Janco. (Stee/, 1956, 
139, Dec. 24, 72-73). Modern practice in centrifugal casting is 
reviewed. The latest development reported is the use of water 
cooled steel moulds; castings up to 12 in. O.D. can be pro- 
duced; the mould does not have to be removed from the 
machine between casts.—D. L. C. P, 

Investment “‘ X ” Process Makes Larger Investment Castings 
Possible. (Foundry, 1957, 85, Mar., 116-119). In the Invest- 
ment ‘‘X” process developed by the Metropolitan-Vickers 
Electrical Co. Ltd., a wax pattern is spray- or dip-coated with 
a permeable refractory slurry to give a one-piece shell mould. 
The wax pattern is then dissolved out from the mould in a 
trichlorethylene vapour bath. The moulds are fired to about 
1600° F prior to pouring. It is claimed that the process is 
better adapted than solid-mould techniques to investing 
delicate or complicated wax patterns and also that because of 
the low thermal capacity of the mould it is easier to cast long 
thin sections. Other advantages are said to include more 
uniform casting finish, less mould cracks on wax removal, 
consistent mould permeability, and a shorter firing cycle. 


How to Troubleshoot on a New Shell Moulding Line. H. H. 
Maeler. (Iron Age, 1957, 179, Apr. 11, 124-126). A brief 
account of difficulties met with. 

Shell Moulding of Steel Castings Cuts Machining Costs. 
J. F. Oettinger. (Foundry, 1957, 85, Mar., 178, 180, 183). The 
foundry practice used at the Electric Steel Foundry Co., 
Portland, Oregon, for the production of shell moulds and 
cores is illustrated and described. Examples are given of 
castings where elimination of machining by the use of the 
shell moulding process has given substantial savings in the 
finished article cost.—s. c. w. 

A Defect in Iron Castings known as “Cold Drop”. R. 
Krzeszewski and J. Marcinkowski. (Przeglad Odlewnictwa, 
1956, 6, (4), 104-109). [In Polish]. The authors distinguish two 
types of faults in castings called *‘ cold drop.’’ One type is 
observed on the surface of the castings, mainly at the corners. 
It is a solidified drop of metal covered by some oxides and only 
loosely connected with the main body. The other type is 
formed inside the casting. A number of photographs of the 
two types of “ cold drop ”’ and the mechanism of their forma- 
tion are given.—k. G. 

Testing Methods Valuable in Improving Casting Design. 
F. 8. Catlin. (Foundry, 1957, 85, 168; 170, 172). The use of 
stress analysis and magnetic particle inspection methods to 
improve casting design is briefly discussed. The importance 
of correct test specifications in magnetic particle testing is 
emphasized.—B. C. w. 


VACUUM METALLURGY 


Some Results of Processes Using High Vacuum Techniques 
in Metallurgy. W. Scheibe. (Z. Metallkunde, 1957, 48, Mar., 
91-100). The general effects of high vacuum treatments 
(between 10—% and 10~*® mm) on the properties of materials 
are discussed, with the application of such treatments to 
melting, sintering and annealing. Particular reference is made 
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to the influence of O, N, H and C on the strength and magnetic 
properties of ferrous alloys.—. D. H. 

High-Vacuum Annealing. W. Herdieckerhoff. (Draht, 
Engl. ed., 1957, (27), Feb., 38, 40). The advantages of high 
vacuum annealing pots are outlined and there follows a 
description of the Unna equipment.—4J. G. w. 

A General-Purpose High-Vacuum Electric Arc Furnace. 
H. Hardung-Hardung. (Vakuum-Techn., 1957, 6, Apr., 45-46). 
A description is given of a pilot-plant furnace capable of 
smelting up to 5 1. of high-alloy steels. It is constructed on 
the “ unit’ principle and consists of several interchangeable 
components from which a furnace for indirect melting with 
auxiliary electrodes or a furnace for melting self-consuming 
electrodes can be assembled.—t. J. L. 


REHEATING FURNACES AND 
SOAKING PITS 


Bogie-Hearth Type Reheating Furnaces. V. Balabanov. 
(Hutnické Listy, 1957, 12, (1), 24-28). [In Czech]. The design 
and operating conditions are discussed, with special reference 
to Czechoslovak and Soviet furnaces. An improved design of 
furnace, utilizing metallic recuperators and unconventional 
locations of burners, designed by the author and claimed to 
lead to a more uniform heating of the contents than in older 
types is described.—?. F. 

Gas-Heated Soaking Pits in Heat-Treatment Departments. 
J. Lasota. (Hutnik, 1956, 28, (7-8), 290-294). [In Polish]. 
Two types of pits, deep and shallow, are described in some 
detail. They are used in the temperature range 400°-1000° C. 
Uniform temperature throughout is maintained by gas 
burners fixed tangentially to the inner surface of the furnace 
and arranged spirally along the whole depth. Construction of 
the pit furnace and of oil tanks used in hardening are dis- 
cussed.— kK. G. 

Electrical Resistance Heating of Steel for Working. W. 
Stich. (Stahl u. Eisen, 1957, 77, Apr. 4, 394-408). The author 
describes a pilot plant for the direct resistance heating of 
blooms and discusses the advantages of this type of heating, 
viz. less scale formation, less decarburizing of the surface 
layer, less cracking of the surface and better microstructure 
over the whole cross-section as compared with conventional 
heating. However, the steels chosen for the trials (Ck 45, 
100 Cr 6, 140 Cr 3, and 71 Si 7) behave quite differently in 
the different aspects. In the discussion, a number of contri- 
butors reported their experience and contested, or agreed with, 
the results obtained by the author.—t. G. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Heat Treatment of Gray Iron. C. O. Burgess. (Gray Iron 
Founders’ Soc. Manual, 1957, May, pp. 117). Internal stress, 
its causes and results, and recommdended temperatures for 
stress-relief; annealing temperatures and times and effects on 
machinability and tensile strength; treatment for improved 
wear resistance, flame hardening, with methods and equip- 
ment, are reviewed and illustrated, and structures are shown. 
Induction hardening is considered, with equipment, procedure 
and uses and properties of the iron are given, also quench 
hardening and austenizing. Hot quenching and martem- 
pering are similarly treated. Appendices on the equilibrium 
diagrams of silicon-containing irons and TTT curves and on 
hardenability are added. 

How Long, How Fast to Heat Tool Steel. (ron Age, 1957, 
179, Apr. 4, 97-99; Apr. 11, 118-121). Effects of initial 
furnace temperature, surface condition, shapes and thick- 
nesses on temperatures attained, and effects of furnace 
atmosphere composition and circulation are shown. 

Cementation Steels. J. Marcovici and P. Tordjman. (Mét. 
Constr. Mécan., 1957, 89, Jan., 43-47; Feb., 117-121). The 
principal grades of cementation steels with their analysis, 
mechanical properties and notes on processing are presented 
in tabular form. Particulars given cover forging, annealing 
and normalizing and cementation (i.e. influence of steel com- 
position, soaking time and type of cement). Practical notes are 
given on case hardening, depth of case and method of control, 
types of case hardening and carbon content of the case- 
hardened layer. Errors in treatment, their consequence and 
remedy are shown in tabular form.—B. G. B. 
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The Heat-treatment of Mild Steel in Raw Town-gas and 
Ammonia Atmospheres. M. A. H. Howes and E. Mitchell. 
(J. Iron Steel Inst., 1957, 187. Nov., 177-190). [This issue]. 

Control of Carbon Potential in Furnace Atmospheres. R. S. 
Burpo jun. (J. Amer. Soc. Naval Eng., 1957, 69, May, 295- 
303). The theoretical foundations of heat-treatment and gas 
and gas-solid equilibria are given and atmosphere control is 
discussed on a thermodynamic basis. 

Controlled Atmospheres. A Survey of Their Types and Fields 
of Application in Metal Processing Operations. ©. E. Peck. 
(Steel Processing, 1957, 43, Apr., 215-218, 222, 223, 225, 226; 
May, 277-283, 285). A review including bright annealing of 
low carbon steel and tin-plate, high carbon and alloy steels, 
tool steel and alloy bar stock, Si-steels, stainless steels, bright 
hardening and gas carburizing and the atmospheres appropri- 
ate to these uses. In Part LJ, carbonitriding, brazing, sinter- 
ing and non-ferrous applications are reviewed and furnaces 
are illustrated and described, with a tabulated key to suitable 
atmospheres. 

Controlling Atmospheres in Furnaces. 0. E. Cullen. (Metal 
Progress, 1957, 71, Apr., 109-114). By the use of instruments 
controlling the dew point according to a time schedule for 
batch type furnaces and at two or three zones for continuous 
carburizing furnaces the operating variables in the furnace 
atmosphere can be minimized.—B. G. B. 

Furnace Atmosphere Analysers. W. L. Besselman. (Metal 
Progress, 1957, 71, Apr., 97-103). Instruments available for 
the continuous measurement, recording and control of dew 
point, gas analysis, total combustible gas and specific gray ity 
of furnace atmospheres are described.—ks. G. B. 

Automatic Control of Furnaces used in Wire Processing, 
Part A—Fundamentals of Automatic Temperature Regulations 
of Industrial Furnaces. L. Walter. (Wire and Wire Prod., 
1957, 32, Mar., 290-292, 338-339). Methods of automatically 
controlling industrial furnaces are discussed, with guidance 
on choice of controller equipment and performance.— J. G. w. 

Lindberg Induct-O-Ring Induction Heat Treatment Furnace. 
(Machinery, 1957, 90, May 3, 982-983). Furnaces for car- 
burizing and carbo-nitriding with capacities of 125-350 lb/hr 
and current inputs 30-65 kW are described. Atmosphere can 
be controlled. 


FORGING, STAMPING, 
DRAWING, AND PRESSING 


Steels for Large Forgings. (Aciers Fins Spéc. Frang., 1957, 
Mar., 65-88). [In French, English, German, Spanish and 
Italian]. General features of the casting of large ingots, 
forging, heat-treatment and inspection are briefly noted. 

Soundness of Heavy Ingots for Forging. R. Ferry and C. 
Roques. (Rev. Mét., 1957, 54, Mar., 175-180). Investigations 
have been made on carbon and low alloy ingots of weights up 
to 140 tons. The risk of cracks is greatly reduced by using 
ingot moulds with multiple sides and by the practice of hot 
removing cracks. The casting temperature and casting 
conditions are the most important factors in determining the 
presence of oxidized inclusions and vacuum casting is con- 
sidered to be an effective solution. The axial compactness of the 
forged piece appears to be essentially dependent on the 
profile of the ingot mould, the sulphur purity of the metal, 
the presence of alloying elements and forging practice. An 
important statistical relationship between the segregated 
dark veins and the hydrogen content of the metal was found. 

Precision Control of Hydraulic Forging Presses. F. H. 
Towler and B. C. Wilkins. (Metal Treatment Drop Forging, 
1957, 24, June, 217-222). Data for hydraulic presses are 
tabulated. The development of control systems is outlined 
and the use of oil as hydraulic medium is reviewed. 

Preventive Maintenance Profitable for Presses. V. E. Diehl. 
(Western Metals, 1957, 15, Apr., 43-45). Record and pro- 
gramming methods are briefly described. 

Punching Deep Holes. J. Dahl, B. Sallfors and L. Orndahl. 
(Tek. Tidskift, 1957, 87, Apr. 16, 361-365). [In Swedish]. An 
account is given of research into the conditions and properties 
necessary for punching holes with the maximum depth in 
relation to their diameter.—t. D. H. 

The Influence of the Surface Condition of Punches on the 
Cutting Process. R. Dies. (Metalloberfldche, 1957, 11, May, 
155-160). In view of contradictory information in the litera- 
ture on the influence of the condition of the punch surface, a 
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number of trials were carried out. It was found that a con- 
siderable improvement in the life of the tool could be attained 
by machining the surface with grooves parallel to the working 
direction of the punch.—t. D. H. 

A New Straightening Process. M. Miiller. (Draht, Engl. ed., 
1957, (27), Feb., 42, 44, 46). A method of straightening 
cylindrical parts is described, based on the use of rollers of the 
thread-rolling type, and units designed for the purpose by the 
Pee-Wee company, Berlin.—z. G. w. 

Manufacture of Steel for Rope Wire. F. A. Webber. (Canad. 
Min. Met. Bull., 1957, 50, May, 290-292). Practice at Colorado 
Fuel and Iron Corp., Buffalo, N.Y. is outlined and structures 
and the effect of patenting on tensile strength are shown. 
Processes in the die are depicted. 

Wire and Rods, Carbon Steel. (Amer. Lron Steel Inst. Steel 
Prod. Man., 1957, May, pp. 118). Compositions, tests, 
properties of numerous grades, notes on production, tests, 
analyses and gauges are given. 

Phosphatizing and Glass Lubrication of Wire before Draw- 
ing. I. M. Goncharov, L. I. Fudim, F. M. Zadyzhenskaya and 
O. A. Ryabchikova. (Stal’, 1957, (5), 464-465). 

Wire Plated before Drawing by Novel Spiral Process. O. E. 
Adler. (Wire and Wire Prod., 1957, 32, Feb., 168-169, 217). 
A new process for electroplating steel wire with nickel is 
described. The cleaning and plating cycle is carried out 
continuously by spiralling the wire through the baths and 
collecting it on a power-driven collecting unit for subsequent 
drawing.—J. G. W. 

Steel-Aluminium Trolley Wire of the Traction Network. 
L. Godecki. (Hutnik, 1956, 28, (9), 340-343). [In Polish]. A 
detailed description of the production of steel parts of steel- 
aluminium electric cables is given. The properties and the 
common defects of the raw materials, the technology of 
drawing, the lubrication during drawing (oil-emulsion) and 
heat-treatment are discussed.—k. G. 

The Organization and Application of Plant Maintenance in a 
Wire Works. G. D. Rendel. (Fredk. Smith & Co. Staff 
School Open Awards 1956. First Award Blue Certificate 
Paper, pp. 17). The units making up the plant are listed and 
the organization of the maintenance team is given. Mainten- 
ance is classified as planned, permanent, periodic, annual, 
breakdown and contract and the methods used are summarized. 
Incentive bonus calculations are explained and the spares, 
machine shop and ancillary departments are named. Features 
of maintenance, corrosion, lubrication, electrical materials, 
services and safety are then considered. A section on costing 
is added. 

Considerations Relating to the Practice of Production 
Management in the Steel Wire Industry. ©. Coates. (Fredk. 
Smith & Co. Staff School Open Awards 1956. Second Award 
Blue Certificate Paper, pp. 16). The process of development of 
a hypothetical small concern is traced; typical products are 
assumed and output is broken down into probable size ranges 
and manufacture represented in flow sheets, which are discussed. 
The applications of the techniques of production management 
are then set out and applied to the data of the imaginary 
company. 

Pieces by the Slice. (Stee/, 1957, 140, Feb. 4, 101-104). The 
potentialities and limitations of steel extrusion as a means of 
obtaining shaped parts, are considered.—D. L. C. P. 

The Industrial Application of Cold-Flow Extruded Steel 
Parts. H. D. Feldmann. (Draht, English ed. (27), 1957, 
Feb., 18-29). In this survey of impact extrusion of steel the 
following topies are discussed: min. economic batch size in 
relation to product weight, range of shapes and types of 
steels suitable for cold extrusion, mechanical properties of 
products including surface finish, which approaches that of 
honed parts, and resistance to wear. Next this process is 
compared with other forming processes, comprising forging, 
casting, machining, sintering, deep-drawing etc., as regards 
the type of product for which extrusion is the best choice. 
Suitability for finishing treatments, such as plating and case 
hardening, is briefly touched upon. The survey is concluded 
by an illustrated list of 57 components made by this process. 
(13 references).— J. G. w. 


ROLLING-MILL PRACTICE 


Longitudinal Flow of Metal Between the Rolls. W. Les- 
kiewiez. (Hutnik, 1956, 28, (5), 202-207). [In Polish]. A 
detailed analysis of various factors determining the longi- 
tudinal flow of metal between the rolls is given. The factors 
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considered are: pressure, diameter of the rolls, coefficient of 
friction and temperature.—k. G. 

Experimental Determination of Rolling Pressure. V. N. 
Poturaev. (Stal’, 1957, (5), 438-440). Calculations are shown 
for mill design and for working out new processes of deforma- 
tion. 

Calculation of Temperature Decrease in the Successive 
Stages of Rolled Steel. E. Decowski. (Hutnik, 1956, 28, (5), 
216-219). [In Polish]. Methods of calculating the temperature 
of steel in the successive stages of the process of hot rolling 
are described. These include two methods which are based 
on linear and quadratic equations relating temperature fall to 
various heat losses, an analytic method, and a new method 
which ignores heat losses by conduction and convection and 
assumes that radiation is the decisive factor in cooling.—k. G. 


Progress in Metallurgy and the Calibration of Rolls. J. 
Gorecki. (Hutnik, 1956, 28, (5), 207-216). [In Polish]. The 
author criticizes the old method of calibration of rolls in 
Polish iron and steel plants. He gives detailed data of the 
new calibration and analyses its merits. He recommends 
greater reduction, particularly in the initial stages, flat cross- 
section of the rolls in preference to convex, and a more 
streamline design of the rolls, (smoother curvature of the 
groove and the neck).—k«. G. 

Rolling Mill Rolls in Cast Steel Made by the United Process. 
M. Mahul. (Centre Doc. Sidér. Circ. Inform. Tech., 1957, 14, 
(4), 795-807). An illustrated account is given of the produc- 
tion of rolls by a process developed by the United Engineering 
and Foundry Co., U.S.A. and used by the Aciéries et Forges 
de Firminy.—8. G. B. 

On Increasing the Life of Steel Rolls b¥ Manual Weld- 
Surfacing. O. Pejéoch and M. Zidek. (Hutnické Listy, 1957, 
12, (2), 110-116). [In Czech]. The development of austenitic 
electrodes and their use for weld-surfacing of rolls on a Morgan- 
type rolling mill are described, details of the electrode produc- 
tion and surfacing technology are given. Full scale tests 
showed appreciable improvements in the wear-resistance and 
life of rolls surfaced with the electrodes.—P. F. 

Sharon Steel Puts $14,000,000 Mill into Service. (Blast Furn. 
Steel Plant, 1957, 45, Apr., 397). A very brief description is 
given of a new slabbing and blooming mill which can handle 
ingots from 4 to 20 t in weight and ean roll slabs up to 10 in. 
thick x 60 in. wide x 30 ft. long.—n. a. B. 


How to Accelerate the Practice of Production of More 
Economic Profiles of Rolled Iron. B. 8. Shapiro. (Metallurg, 
1956, (1), 12-15). [In Russian]. Various types of profiles of 
rolled iron are discussed, including periodic profiles, such as 
axles and ploughshares.—s. I. T. 

Scientific-Technical Conference on the Rationalization of 
Rolling Profiles. (Metallurg, 1956, (2), 23-25). [In Russian]. 
This is a brief report of a conference which took place in Mos- 
cow in November 1955. Various papers on rolled profiles, 
bent profiles and periodic profiles, as well as on the quality of 
metal and methods of working, were read and discussed. 

Rolling Rails with a Split Pass in Blooming Mill Rolls. N. I. 
Beda, G. P. Borisenko and M. P. Galemin. (Stal’, 1957, (5), 
431-435). Use of a fourth trapezoidal roll pass on the blooming 
mill with a displaced line of split increases the rate of rolling 
and reduces fine cracking. 

Production Reserves of the Rolling Mill. K. Jelonek. 
(Hutnik, 1956, 28, (2), 66-71). [In Polish]. The author 
discusses ways of increasing the production in rolling mills. 
He lists as the most important the reduction of overhaul 
time of the mill, improvement of efficiency, and coordination 
and intensification of work.—k. G. 

The Possibility of Increased Production of the Sedzimir 
Mill. W. Leskiewicz, Z. Jaglarz and G. Smieszkol. (Hutnik, 
1956, 28, (5), 197-202). [In Polish]. The authors discuss in 
some detail the possibilities of increased output of Sedzimir 
rolling mills. Their main recommendation is a change from 
cold to hot rolling.—x. «G. 

Rational Profile of Passes for Tube Cold-Rolling. Yu. F. 

Shevakin, Ya. E. Osada, O. A. Semenov and F. S. Seidaliev. 
(Stal’, 1957, (5), 441-444). The method developed by the 
Moscow Steel Institute is described and assessed. 
_ The Dynamics of Feeding Devices for Pilger Rolls. A. 
Cermak. (Hutnické Listy, 1957, 12, (2), 116-125). [In Czech]. 
A mathematical analysis of optimum design characteristics is 
given.—P. F. 

Control Equations of Multi-Stand Cold Rolling Mills. G. 
Lianis and H. Ford. (Chartered Mech. Eng., 1957, 4, June, 


NOVEMBER, 1957 


a ae 


os 


, 


TERE Re 


Ce a am 





EGR 











own 
‘ma- 


sive 
(5), 
ture 
ling 
ised 
ll to 
hod 
and 
LG. 


J. 
The 

in 
the 
nds 
ISS- 
ore 
the 


SS. 
14, 

1¢- 
ng 


zeS 


\d- 


Va Vs 





£ 


fs 





BSS rares 











ABSTRACTS 257 


298-299). (Summary only). The work of Hessenberg and 
Jenkins is extended, taking other factors into account and the 
results will be expressed in a series of nomographs. 

Continuous y-Ray Gauging of Hot Steel Strip. Indicating and 
Teleprinting Thickness Meter. (Hngineering, 1957, 188, Apr. 
19, 489). The installation at the Steel, Peech and Tozer 
works by Baldwin Instrument Co. is briefly described. 

Automatic Regulation of the Thickness of Products During 
Their Rolling. P. Blain. (Rév. Gen. Méc., 1957, 41, Jan., 
13-18; Feb., 63-67). Methods of automatic gauge control and 
the fundamental concepts of automatic control are discussed. 

Photoelectric Cells Speed Mill Production. (Steel, 1956, 189, 
Dec. 31, 64-66). The use of photoelectric tubes to obtain 
better control of shear, kickoff and lift repeater operations 
in bar and rod mills is described. Shears controlled by an 
insulated roll-timer used to have a length-error up to 3°, 
with electronic control this was reduced to 0-3°,.—D. L. c. P. 

Design of Rolling Mill Cooling Beds, with Reference to 
Convective Heat Exchange. M. Ya. Brovman. (Stal’, 1957, (5), 
466-467). Calculations are presented. 

Calculation of Cooling Curves for Bar Stock on Cooling 
Beds, and the Suitability of Various Designs of Cooling Beds 
for Variable Stock Composition and Profile. P. Griiner. 
(Draht, German ed., 1956, 7, Nov., 419-427; Dec., 473-480). 
In the first part, various types of cooling beds are described, 
with 26 illustrations. In the second part cooling curves are 
presented, based on investigations by Geleji and Kiss and 
theoretical considerations, and full data are presented for 
six types of cooling beds and a variety of bar stock. From 
these, diagrams have been obtained which are characteristic 
of the cooling bed and independent of stock.—.. G. w. 

The Application of Magnetic Separators to Cold Rolling Mill 
Coolant Systems. A. L. Wilson jun. (Machinery Lloyd, 1957, 
29, June 29, 43-46). [In English, French and German]. 

Lighting the Rolled Stock Finishing Department. V. V. 
Deryabin and V. B. Peretts. (Stal’, 1957, (5), 436-437). 
Reconstructing the illumination is described. 


MACHINERY FOR IRON AND 
STEEL PLANT 

Hydraulic Equipment in Steelworks. 1. Some General 
Observations. R. L. Willott. (Jron Coal Trades Rev., 1957, 
174, June 21, 1441-1443; June 28, 1493-1495). Points to 
watch in operation and maintenance are described. Pipes and 
joints, cylinders, pumps, tanks, valves and other factors are 
discussed in a practical way. 2. Fluidrive and its Application. 
Fluid coupling and its uses in steelworks for driving fans or 
pumps are outlined. 

Increase of Lifting Capacity of a Ladle Crane from 220 to 
270 tons. S. M. Rozhkov. (Metallurg, 1956, (1), 28-29). [In 
Russian]. Details are given of items of recontructions made 
in a bridge ladle crane serving O.H. furnaces.—s. I. T. 

Lift for Giant Ladles. (Stee/, 1957, 140, Feb. 25, 106). The 
specification >. an O.H. ladle crane with 500 t capacity, is 
given.—D. L. C. P. 

Crane for Open Hearth Has Capacity of 500 Tons. (Blast 
Furn. Steel Plant, 1957, 45, Apr., 395-396). A very brief 
description is given of this crane constructed by the Morgan 
Engineering Co., U.S.A.—B. G. B. 

The Trend in the Design of Railway Rolling Stock for Iron and 
Steel Works in Germany. F. Brill. (Stahl u. Kisen, 1957, 77, 
Apr. 18, 469-476). The author stresses the particular require- 
ments on railway rolling stock for iron and steel works and 
describes the various types of railway trucks designed recently, 
with illustrations.—t. G. 

Railway Trucks for Bulk Transport in Great Britain. H. R. 
Mills. (Stahl wu. Eisen, 1957, 77, Apr. 18, 476-482). The 
author discusses the difference between the British track and 
that of the Continent and the restrictions imposed by it on 
rolling-stock design in Britain. 
the latest British trucks including those for internal use by 
iron and steel works.—T. G. 

Large-Capacity Trucks, Their Design and Their Use in 
Transportation of Coal, Coke and Ore in France. A. Morel. 
(Stahl u. Eisen, 1957, 77, Apr. 18, 483-486). A general review. 
The Société de Gérance de Wagons de grande capacité 
(S.G.W.) operates a great number of 60-ton capacity trucks, 
most of them self-discharging.—T. G. 

Means of Speeding-up the Turnround of Trucks Within the 
Sidings of Iron and Steel Works. G. Dilli. (Stahl u. Eisen, 
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He describes a number of 


1957, 77, Apr. 18, 487-491). This is an analysis of the various 
factors involved.—t. G. 

Truck Turnround in British Iron and Steel Works. H. 
Knight and J. H. Turnbull. (Stahl u. Eisen, 1957, 77, Apr. 
18, 491-496). The authors present an analysis of the factors 
that are important for the best use of trucks in iron and steel 
works.— rT. G. 

The Possibilities of Speeding-up Truck Turnround in Iron and 
Steel Works. P. Bellet. (Stahl u. Eisen, 1957, 77, Apr. 18, 
496-503). The advantages of central control of the use of 
works-own trucks are discussed and stressed.—r?. «G. 

Electrical Plant for the Metal Industries. Progress in 1956 
— (Metallurgia, 1957, 55, Feb., 91-93; Mar., 135-136, 

139 ; Apr. 186-190). A brief account of new installations of 
rolling mills, rectifiers, control equipment, cranes, ore crushers 
and coal treatment plant, blowers, magnets for lifting, vacuum 
furnaces and photo-electric controls. The primary classifica- 
tion is by the manufacturers, not by the uses. 

Modern Space-Heating Mefhods in the Metallurgical In- 
dustry. Z. Lenhart. (Hutnické Listy, 1957, 12, (2), 131-136). 
[In Czech]. Space-heating of factories and workshops by 
means of infra-red radiation panels is discussed. The method 
is shown to have several advantages over central heating of 
the conventional type and over other methods of heating in 
common use. In operation it is up to 25°, cheaper than other 
methods of heating.—P. F. 


LUBRICATION 


Lubricant Specifications. E. G. Ellis. (Sci. Lubr., 1956, 8, 
June, 14-15, 17-19, 21; July, 10-12; Aug., 23-28; Sept., 
19-25; Oct., 14, 16-18, 20-24; 1957, 9, Jan., 12-17; Feb., 
25-28; Mar., 27, 28, 30, 32, 34, 35). A review is presented. A 
general account of specifications and their purpose is followed 
by an account of British Standards and other specifications 
for crankcase and gear oils, railway and road vehicle lubricants, 
grease, cutting oils and refrigerator oils, and of temporary 
protectives and rust inhibitors. 


WELDING AND FLAME CUTTING 


Welding under Flux Using a Forming Disc. S. L. Mandel’ 
berg. (Avtom. Svarka, 1951, 4, (4) [19], 44-55). [In Russian]. 
A new method of welding vertical inclined, curved and angle 
seams using a copper forming dise (not cooled with water) is 
described.—-v. G. 

A Method of Increasing the Coefficient of Welding-on During 
Welding with Semiautomatic Equipment. M. K. Volodin. 
(Avtom. Svarka, 1951, 4, (5) [20], 88-89). {In Russian]. A 
method of increasing the amount of welded-on metal con- 
sisting of the introduction of an alloying wire into the are zone 
is described.—v. G. 

Automatic Heliarc Speeds Seam Weld of Varied Size Stain- 
less Pipe. H. E. Jackson. (Western Metals, 1957, 15, Apr., 
66-67). Practice at Alaskan Copper Works, Seattle is 
described for welding 2, 3, 4, 8 and 10 in. pipes of stainless 
steel. 

How Heat and Time Affect Welding. A. ©. Ward. (/ron 
Age, 1957, 179, Jan 17, 75-77). Possible effects of welding on 
the workpiece are explained and the use of this information in 
improving welds is considered.—b. L. ¢. P. 

Manual Magnetic-Flux Gas-Shielded Arc Welding of Mild 
Steel. N. Davis and R. T. Telford. (Welding J., 1957, 36, 
May, 475-480). A magnetizable flux has been developed 
which, when used with a base steel welding wire, is attracted 
to the wire where it stabilizes the arc, refines and protects the 
puddle and controls weld contour and coalescence. CO, is 
also used and this assists in shielding and improves are 
characteristics. Various advantages are claimed. 

The Application of Carbon Dioxide Shielding to the Continu- 
ous Flux-Covered Electrode Process. P. L. J. Leder. (Brit. 
Welding J., 1957, 4, June, 274-281). The Fusare/CO, process 
is described in which flux and gas shielding advantages are 
combined. Tests of strength and metallurgical quality are 
reported and applications to high-sulphur and alloy steels are 
mentioned. 

The Application of Inert-Gas Tungsten-Arc Welding to 
Carbon-Steel Pipe. F. J. Pilia and R. W. Minga. (Welding //., 
1957, 86, Apr., 363-370). The procedure is described and 
design, operator training and costs are considered. 
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Evaluation of Weld-Joint Flaws as Reinitiating Points of 
Brittle Fracture. D. C. Martin, R. 8. Ryan and P. J. Rieppel. 
(Welding J., 1957, 36, May, 244s—251s). Investigations on the 
type of test specimens best suited to the evaluation, the types 
of loading simulating service conditions in ships and large 
structures and the stress required to initiate a brittle fracture 
from weld cracks and other flaws are reported. The methods 
developed are found to correlate with actual failures. Future 
directions of investigation are outlined. 

Aspects of Crack Sensitivity in Machinable Deposits on Cast 
Iron. R. D. Wasserman, J. F. Quaas and J. P. Broderick. 
(Welding J., 1957, 36, May, 481-488). Variables in the welding 
of grey and nodular irons are discussed and a cast test block 
designed to prevent dissipation of stress is described. Elec- 
trode coatings are reviewed and various Fe—Ni weld metals 
were used with standard 60/40 filler alloy as core material. 
Metal powders were added to deposit the various alloy 
balances required. Hardness was determined on _ cross- 
sectional areas. Ni-Fe deposits are less crack-sensitive than 
Ni or Ni-Cu. 

Causes of Hot-cracking of Welds. V. V. Podgaetskii. 
(Avtomat. Svarka, 1954, 7, (6), 73-76). Correlations between 
hot-cracking and C, 8, and Mn content with high or low silica 
fluxes were found. A test for hot cracking susceptibility was 
devised. Findings are discussed. 

The Role of Grain Boundary Substance in the Hot Cracking 
of Welds. V. A. Toropov. (Metallovedenie i Obrabotka Metal- 
lov, 1956, 2, (4), 45-58). Hot cracking of austenitic welds was 
examined. The effects of C and Si in Ni-Cr—Mo steel and of S 
and P with high Si and C were determined, and the theories 
of Bochvar on hot-tearing, as applied to steels, are discussed. 
Formation of carbide eutectic in welds gives metal of great 
hardness and strength and not susceptible to cracking. 

A Consideration of the Factors Affecting Porosity in Self- 
Adjusting Metal-Arc Welds on Mild Steel. A. R. Muir. (Brit. 
Welding J., 1957, 4, July, 323-335). The problem is reviewed 
and the factors involved are discussed and available data are 
surveyed. Porosity in undeoxidized weld metal and in 
completely deoxidized weld metal, with discussion of CO 
evolution bead formation and contour, are considered and 
various appendices are added on factors in the production of 
porosity. Typical defects are illustrated. 

Sodium Corrosion and Oxidation Resistance of High- 
Temperature Brazing Alloys. G. M. Slaughter, C. F. Leitten 
jun., P. Patriarca, E. E. Hoffman and W. D. Manly. (Welding 
J., 1957, 36, May, 217s—225s). Brazing of stainless steel to 
Inconel and similar joints were examined, using a range of 
commercial and special brazing alloys. Ni-Si-B, Ni-Cr-Si-B 
and Ni-Cr-Si types were found to have excellent resistance. 

Flame Cutting. H. T. Geertson. (New Zealand Eng., 1957, 
12, Mar. 15, 107-109). A brief account is given of hand and 
machine cutting with propane on acetylene. 

New Flame-Cutting Machines in Shipbuilding. R. Bechtle. 
(Shipbuilding Marine Engine Building, 1957, 64, May, 
334-337). 

Economic Aspects of Oxygen Machine Cutting. L. L. Arun- 
del. (Welding Metal Fab., 1957, 25, May, 183-186). Plate 
edge profiling for large fabrications is reviewed in terms of 
capital cost, cost per foot run related to plate thickness, the 
use of multi-burner profilers and load factor in relation to 
mechanical handling facilities with a note on estimating for 
profiled work. 


MACHINING AND MACHINABILITY 


Tools which Operate by Removing Metal. F. A. Isnardi. 

(Rivista Mecc., 1956, 7, Oct. 6, 35-40; Oct. 20, 27-32; Nov. 3, 
7-22; Nov. 17, 27-30). [In Italian]. After an introductory 

chapter on the theory of cutting tools and chip formation, 
the author reviews the different materials used in the manu- 
facture of lathe-type machine tools. The mechanical and 
chemical properties of the steels and alloying elements are 
discussed. The use of sintered metals is described in some 
detail and the uses of ceramics and diamonds are reviewed. ~ 
(11 references).—m. D. J. B. 

New Wimet Grades for Steel Cutting. (Machinery, 1957, 90, 
Jan. 11, 98-101). Properties and the results of optical and 
wear tests are given. 

Ceramic Cutting Tools. Weill. (Usine Nouvelle, 1957, 
Special No. Spring, 185, 187-189, 191-193, 195). A review of 
the tools, their properties, conditions of use, and materials 
for which they are suitable, is given. 
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Comparative Machinability of B1113, C1213, C1120 HR, 
C1120CD and C1119 Steels. H. L. Bryden. (Trans. Amer. 
Soc. Mech. Eng., 1957, 79, May, 915-919). An extensive series 
of lathe and screw machine tests showed C1119 steel to have 
six times the tool life of the best and nine times the average of 
7 varieties of B1113 and C1213 steels. 

Gun-Reaming. New Technique for High-Speed Machining of 
High-Alloy and Stainless Steels. F. A. Menelaus and B. Fraser. 
(Aircraft Prod., 1957, 19, Mar., 100-105). 

An Analytical Study of Grinding Temperature. K. Sato. 
(Technology Reports Tohoku University, 1957, 21, (2), 71-106). 
Calculations are presented on heat generated from the tan- 
gential grinding force and ratios of heat distribution to the 
work, chips and wheel. A thermocouple method was used to 
obtain values which were in agreement with the calculations, 

Efficient Swarf-Handling and Oil-Reclamation. (Machinery, 
1957, 90, May 24, 1153-1157). Methods used by Automotive 
Products Co. Ltd. are described. Collection, centrifuge 
treatment, oil reconditioning, and treatment of ferrous and 
non-ferrous swarfs are outlined. 

Metalworking by Spark Erosion. W. Ullmann. (Metalwork- 
ing Prod., 1957, 101, June 21, 1067-1071; June 28, 1117- 
1121). Apparatus with circuits and electrical characteristics 
and their uses, and, in particular, the Agietron machines and 
examples of work carried out are reviewed. 

Metal Machining by the Electroerosive Method. F. Maz- 
zarelli. (Ing. Mecc., 1957, 6, Feb., 9-15). [In Italian]. The 
author discusses the electrical constants and the scientific 
aspects of metal working by electric spark. The relation 
between erosion and the duration of the electrical impulse 
is studied as well as the effect of the distance between the 
electrodes. Practical aspects such as the construction of the 
apparatus, and the automatic control of its use are also 
described.—x. D. J. B. 

An Electrolytic Surface Phenomenon and its Application in 
Precision Engineering. M. Naruse and A. Nannichi. (7 ech- 
nology Reports Tohoku University, 1957, 21, (2), 63-69). A 
process analogous to liquid line corrosion was observed in 
electrolytic polishing and has been applied to the rounding of 
small pivot points. 

Reclaiming Files. Low-Cost Electrolytic Process for Restor- 
ing Cutting Edges. L. G. Burnard. (Aircraft Prod., 1957, 19, 
Mar., 86-88). A preferential erosion method is described. 


CLEANING AND PICKLING 


Surface Treatment Prior to Galvanization. A. Herz. (.Wét. 
Constr. Mécan., 1957, 89, Jan., 49-51). Proper surface 
preparation facilitates and improves galvanization. The 


selection of the scouring method depends on the nature of the 
surface and the greasy substances present. Practical notes on 
the use of alkaline solutions and wetting agents are given and 
the influence of surface tension and pH discussed. The 
regeneration of cleaning baths and practical advice on the 
conduct of the operation and on the final wash are considered. 

Shot Peening. (Steel Processing, 1957, 48, May, 260-266). 
Shot sizes and characteristics are tabulated and the effects of 
peening on metals, depth of peened layer and treatment of 
machine parts are outlined. The Almer test strip process is 
then given and centrifugal and air-blast systems are described. 

New Design of Shot-blast Plant. R. Michie. (Foundry 
Trade J., 1957, 102, May 30, 671-673). A new plant for 
cleaning steel castings installed by Edgar Allen & Co. is 
described. 

Ideas for Waste Treatment. (Steel,1957, 140, Feb. 18). 1. 
Consider the Alternatives (150-152). 2. Plan for Maximum 
Benefits. (152). 8. Look for Dollar Returns. (153-154). 
Examples of modern installations for the treatment of wastes 
from metal processing plants are given. The plants include 
ion-exchange systems for Cu, Ni and Cr.—p. L. c. P. 

50 Years of Mechanical Descaling. P. Ewald. (Draht, Engl. 
ed., 1957, (27), Feb., 29-31). The historical development of 
mechanical descaling of wire rod is briefly surveyed and some 
of the outstanding problems are defined, notably removal of 
residual scale, lubricants, control of scale formation etc. 

Mechanical Descaling Equipment. (Draht, Engl. ed., 1957, 
(27), 31-33). Machines for the mechanical removal of scale 
from rod are illustrated and described. They comprise six 
German makes, one British and one Italian. Seven of these 
employ rotating brushes or a bed of abrasive material to 
remove the scale which has been loosened by bending; the 
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eighth employs inductive vibration of the wire as a supple- 
mentary loosening process and a magnetic field to remove the 
scale débris.—J. G. W. 

Chemical Surface Preparation of Steel Prior to Painting. 
H. E. Patterson. (Corrosion, 1957, 18, Jan., 61t-68t). <A 
general review of some of the methods of preparing steel for 
painting. Solvent, alkali, emulsifiable solvent, steam and acid 
cleaning are discussed. Pickling methods, the use of inhibitors 
and phosphoric acid treatments also receive attention.—4J. F. S. 

Preliminary Chemical Treatment Before Lacquering, in the 
Manufacture of Steel Window Frames. H. Ketterl. (Metallo- 
berfldche, 1957, 11, May, 169-174). The importance of 
passivation of the metal surface, in preliminary chemical 
treatment of the metal before lacquering, is discussed. 
(18 references. )—L. D. H. 

The Electrolytic Cleaning and Descaling of Wire. R. Beck. 
(Wire Prod., 1957, 6, Mar., 5-7). A patented process of 
electrolytic degreasing, descaling and, if need be, polishing is 
described, which is continuous and based on a.c. Some 
information is given on costs.—J. G. W. 

Electro-polishing Stainless Steels—a Useful Finishing 
Process. W. E. McFee. (Wire and Wire Prod., 1957, 82, Mar., 
287-289, 341-343). The Armco electropolishing process for 
brightening stainless steel wire and wire products is described, 
with full particulars of equipment, preparation and treat- 
ment of material.—s. G. w. 

The State of a Steel Surface During Electrochemical Polish- 

ing. V. L. Kheifets, N. P. Fedot’ev and 8. Ya. Grilikhes. 
Zhur. Priklad. Khim. 1956, 29, (12), 1822-1827). [In Rus- 
sian}. By measuring the capacity and the resistance on 
the boundary: metal-n K,SO, solution and metal-polishing 
electrolyte, the formation of an oxide film on the surface of 
steel anode during electropolishing was confirmed. The 
presence of CrO, in the polishing electrolyte promotes passiva- 
tion of the steel anode and the formation of an oxide film. 
Treatment of electropolished steel specimens with hot NaOH 
solutions improves the continuity of the oxide film. The 
formation of the film is completed during the first 5 min. 
During this period the highest increase in the reflective power 
of the metal surface takes place.—v. G. 


PROTECTIVE COATINGS 


Science for Electroplaters. L. Serota. (Metal Finishing, 
1955, 58, Mar., 78-83; Apr., 62-71; May, 67-75; June, 103— 
105; July, 64-66; Aug., 62-64; Sept., 86-90; Oct., 62-64). In 
this series, an elementary account of physical and chemical 
processes in the plating bath is given, followed by articles on 
the Periodic Table, atomic structure, radioactive isotopes, 
electronic structure, valency, chemical properties of metals, 
and bath formulae. VIII, Electroplaters’ Solutions, (Nov., 
78-81). Interpretation of solubility curves and_ specific 
gravity measurement are discussed. IX. Solutions-Equations. 
(Dec., 66-68). The elements of chemistry are applied to 
electroplating. X. Standard Solutions, (1956, 54, Jan., 61-63). 
The principles of volumetric analysis are simply explained. 
XI. Electrolytes. (Feb., 69-71). An elementary account of 
ionic theory and electrode potentials. XII. Ionization of 
Water. (Mar., 65-67). An explanation of pH and its measure- 
ment. XIII. Hydrolysis. (Apr., 63-64, 67). Buffer solutions 
are simply explained. XIV. Electric Circuits. (May, 67-70). 
XV. Electrical Power. (June, 88-89, 91). XVI. Motors and 
Generators. (July, 63-65; Aug., 66-68). XVII. Rectifiers. 
(Sept., 66-69). XVIII. Electrolytes. (Oct., 71-72; Nov. 68-70). 
Thickness of deposit calculations are shown and cathode 
efficiency curves. XIX, XX. Polarization. (Dec., 72-74; 
1957, 55, Jan., 59-62). Mechanism of deposition, overvoltage 
and measuring techniques are reviewed. XXI. Throwing 
Power. (Feb., 68-72). Throwing power, the factors governing 
it and the Hull cell and other means of measurement are 
described. XXII, XXIII, X XIV. Chemical Surface Preparation 
(Mar., 63-64, 70; Apr., 72-74; May, 65-67). A general account 
is given of oxide coating, cleaners and the use of ultrasonics, 
alkaline cleaning, the use of wetting agents and electrolytic 
processes, with a classification of cleaners and the properties 
of the alkaline salts used, with a brief description of tank 
methods. Acid dips, pickling, and the use of inhibitors are then 
considered and tests for the evaluation of cleaners are briefly 
outlined. 

Cyanide Plating Waste Disposal. D. R. Johnson. (Metal 
Finishing, 1957, 55, June, 85-87). Boiling with aeration and 
the use of various catalysts was tried. The best method 
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found involved heating at 260—300° F with 6 lb gal NaOH with 
aeration. Costs are only roughly indicated at present. 

New Methods of Avoiding Poisonous Spent Liquors from 
Galvanizing and Heat-treatment Shops. \V. Peters. (Draht, 
German ed., 1956, 7, Sept., 350-353; Eng. Edn., 1957, (27), 
Feb., 34-38). The Lancy method of eliminating poisonous 
compounds from spent liquors is described, with details for 
treatment of cyanide and chromate-containing liquors. 

Electroplating of Screws and Other Small Parts. W. Peters. 
(Draht. German Ed. 1957, 8, Jan., 7-13: Feb., 40-48; Mar., 
82-88; Apr. 127-131). Pretreatment and barrelling tech- 
niques and apparatus are reviewed, followed by modern 
electrogalvanizing equipment and electrolytes. Data are then 
given relating time in the bath and plating current to product 
weight, surface finish and quality and type of bath. Finally 
methods of control are indicated and several examples of 
cost analysis are given in full.—s. G. w. 

Effects of Chromium Plating on the Properties of High 
Strength Steel. H. E. Arblaster. (J. Australian Inst. Met., 
1957, 2, Apr., 54-71). Fatigue strength may be lowered and 
hydrogen embrittlement may occur on plating. Effects on 
fatigue properties are shown and related to bath composition, 
temperature and current density. Plating thickness and 
surface preparation are considered and effects after heat 
treatment are discussed. Work on plated surface-hardened 
steel (SAE 4340 nitrided) is described and then the mechanism 
of lowering of fatigue limit is considered. Hydrogen embrittle- 
ment is reviewed in some detail. (23 references). 

The Mechanical Properties of Electrolytic Deposits of 
Nickel and Nickel Alloys. H. C. Castell. (Wétawxr-Corrosion- 
Indust., 1957, 32, Mar., 122-131). The influence of various fac- 
tors on the properties of the deposits is first considered. The 
effect of nickel deposits on steel is to reduce the fatigue resist- 
ance. However it is possible to prevent this and a number of 
methods of achieving it are discussed.—B. G. B. 

Nickel-Lined Steel Vessels for Caustic Service. J. L. Weis. 
(Ind. Eng. Chem., 1957, 49, June, 69A—-70A). Restoration of 
corroded steel vessels is reported for NaOH solutions. 

The Structure of Electrolytic Alloy Deposits (XI). The 
Nickel—Zinc Alloys. E. Raub and F. Elser. (Metalloberflache, 
1957, 11, May, 165-168). The effects of adding zine salts to 
nickel plating baths are discussed. The effect of zine on the 
cathode potential-current density curves is greater at lower 
temperatures. The structures of the Zn—Ni alloys deposited 
are given. a and y phases and Zn have been identified, but the 
B and 6 phases have not been found. The properties of the 
surface produced are discussed.—t. D. H. 

Electrolytic Coatings of Nickel-Tin Alloys and Recent 
Applications. P. Dehais. (Galvano, 1956, 25, Oct., 28-32). 
Hardness and corrosion resistance of the coatings are given 
and panels after exposure are illustrated. 

Metallographic Study of Hot-Dipped Zinc Coatings. A. T. 
Baldwin and W. H. McMullen. (Products Finishing, 1957, 
21, June, 86, 88, 90-92, 94). Sections of galvanized wire and 
strips are illustrated and discussed. Gamma, delta, eta and 
zeta layers are described. 

A Variation in Wire Galvanizing. (Wire Pred., 1957, 6, 
Mar., 15). A hot-dip galvanizing process is described, based 
on forced circulation of molten zine in an auxiliary spelter 
tank, partly submerged in the main galvanizing kettle, with 
the wires rising vertically through it, cooling in non-oxidizing 
atmosphere, and running through the bath at up to 2000 ft, 
min.—4J. G. W. 

Zine and Cadmium Coatings. G. Catelani. (Rivista Mecc., 
1956, 7, Sept. 22, 43-48). [In Italian]. The properties 
of Zn and Cd coatings for steel are discussed. The hot dip 
and electrolytic methods of depositing the coatings are 
described.—m. D. J. B. 

Galvanizing Furnaces Heated by Forced Circulation of 
Flue Gases. (Draht, German ed., 1956, 7, Nov., 428-430). A 
method for heating galvanizing pots by forced convection of 
flue gases or electrically heated air is described, and details of 
performance and design are quoted. Gas speeds of 45-60 ft/sec 
are used, with 550—600° C gas temperatures.—J. G. Ww. 

Galvanizing Furnaces with Forced Circulation of Flue 
Gases. J. Kohlgriiber. (Draht, German ed., 1956, 7, Dec., 
468-472). Examples are given of complete installations for 
the continuous treatment of wire and of strip, comprising 
heat treatment, descaling, hot-dip galvanizing, shearing and 
flattening (in case of strip), and coiling or stacking. Control of 
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heating is described in greater detail and further examples of 
applications with performance details are quoted.—J. G. w. 

Notes on New Perspectives in the Use of Galvanized Sheet in 
Building: Galvanizing, Painting and Corrosion. P. Morisset. 
(Usine Nouvelle, 1957, Special No. Spring, 31-33, 35, 37). 

Study by Microscopy and Electron Diffraction of Films of 
Tin-Iron Alloy on White Iron. J. J. Trillat and K. Mihama. 
(Métaux-Corrosion-Indust., 1957, 82, Mar., 102-110). Electron 
microscopical study has revealed an increase in the grain 
size when the thickness of the films increases. Electron 
diffraction measurements have revealed the presence of a 
very thin film of complex composition on the surface of 
the alloy of composition FeSn,. In one case it was possible 
to identify this thin film as Fe,Sn or Fe,Sn. The advantages 
of using a combination of electron microscopical and diffrac- 
tion techniques is stressed.—R. G. B. 

On the Electrolytic Precipitation of Tin from Aqueous 
Solutions of Salts Formed in Refining Lead by Harris’s Process. 
F. Franz and L. Rotter. (Hutnické Listy, 1957, 12, (1), 28-31). 
{In Czech]. Results are given of experiments in which, instead 
of the usual static electrodes, rotating and oscillating elec- 
trodes were used. Agitated cathodes lead to higher rates of 
deposition of tin only under certain conditions depending 
primarily on the current density.—?. F. 

Manuiacture and Use of Telephone Wires Made from 
Copper-Plated Steel. ©. Schaarwachter. (Metall, 1956, 10, 
Nov., 1038-1041). Copper plated steel wires, equivalent to 
solid copper wires in electrical performance in telephone 
cables, are discussed, including the ‘‘ copper-weld ” quality. 
Methods of manufacture are briefly described and electrical 
and mechanical properties are quoted.—J. G. w. 


Aluminium-Coat Steel Parts for All-Weather Wear. R. F. 
Joy. (Iron Age, 1957, 179, Feb. 7, 106-107). The Bethlehem 
Steel process for telephone and power line poles is outlined and 
weather-resistance described. 

Production Surfacing of Aluminized Engines Valves. J. A. 
Newton and M. D. Braid. (Trans. Amer. Soc. Mech. Eng. 
preprint, 56-SA-35, 1956, pp. 14). The process of General 
Motors’ Aldip patents is described. 

Spreyed-on Aluminium Coatings. H. Reininger. (Alumi- 
nium, 1956, 82, Aug., 430-485). The development of alu- 
minium spraying as a means of preventing corrosion of steel is 
surveyed. The resistance of these coatings to industrial 
atmospheres, water, sea water, sea air and various fuels is 
discussed.—L, J. L. 

The Corrosive Properties of Flame-Sprayed Zinc Coatings. E. 
Gebhardt and H.-D. Seghezzi. (Metalloberfldche, 1956, 10, 
Dec., 369-375). Long-duration trials were carried out to 
determine the resistance to corrosion of layers 0-3 mm in 
thickness; a number of liquids was used, and test pieces were 
also exposed to air. Samples remained practically unaffected 
after up to 2 years’ exposure. Bubble-shaped swellings 
formed in the surface in most cases, which were attributed to 
included gases. Water vapour at 92° C attacked the coatings 
substantially after 3 months, but similarly treated electrolytic- 
ally coated and galvanized samples were heavily rusted, 
whilst the thicker flame-sprayed coats gave sufficient protec- 
tion to prevent rusting.—t. D. H. 

Passivating Films and Protective Layers. Coatings. 
Mechanism of Formation and Protective Action Against 
Corrosion. H. Fischer, K. Hauffe and W. Wiederholt. (Report 
of Discussion of the Corrosion Section, Deutsche Gesellschaft 
fiir Metallkunde, October 1955 at Frankfurt/Main, 1956, pp. 
400). Scientific and Industrial Problems of Metal Oxidation 
and Corrosion. K. Hauffe, (1-21). Scientific fundamentals 
are discussed, general kinetics, internal oxidation of (non- 
ferrous) alloys, oxidation ahd epitaxis, “ catastrophic oxida- 
tion” of alloy steels, corrosion processes and passivity of 
metals in aqueous electrolytes. Some industrial problems are 
then noted, the use of low-alloy steels for boilers, nuclear re- 
actor materials and scaling of nozzles in combustion gas 
streams. The Use of Radioactive Isotopes in the Study of 
High Temperature Oxidation of Metals. P. Kofstad. (22—42). 
[In English]. Theories of metal oxidation are reviewed and 
self-diffusion and distribution studies with tracer elements 
discussed. The oxidation of iron and of alloys is briefly 
considered and experimental methods are outlined. The 
Formation of Protective Layers by Oxidation of Molybdenum 
Disilicide. E. Fitzer. (43-54). Oxidation Processes with 
Non-parabolic Time Relations. H.-J. Engell. (55-66). 
Course of Chemical, Electrical and Electrochemical Potentials 
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in a Solid Corrosion Cell. K. Nagel. (67-71). A mathematical 
treatment is indicated. On the Mechanism of Electrolytic 
Passive Layer Formation. K. J. Vetter. (72-91). The con- 
cept and cause of passivation are briefly treated, and forma- 
tion and reduction potentials, freedom from porosity, corro- 
sions of passive metals, electronic and ionic conductivities of 
passive layers, layer thickness and its changes with time are 
all discussed with an appendix on Vetter and Schottky’s 
theory of the corrosion of passivated iron. The System Iron; 
Aqueous Solution as Multiple Electrode. Un(ai)-Diagram of 
the Various Possible Electrode Reactions. K. Nagel. (92-98). 
The reactions with their potential equations are set out. 
On the Concept and Mechanism of Inhibition. H. Fischer. 
(99-105). (43 references). On the Mechanism of Internal 
Oxidation of Alloys. S. Raether and K. Hauffe. (106-128). 
A discussion of gas solubility in metals and a consideration of 
the processes, structures and potentials involved in internal 
oxidation of (non-ferrous) alloys. Phase Boundary Reactions 
in Metal Oxidation. J. Block. (129-159). A mathematical 
treatment of oxidation kinetics of metals with compact 
coatings, with porous coatings, and of extremely thin layers 
with phase boundaries not in equilibrium. Phase boundary 
reactions are then considered in the initial stages, on compact 
layers. Mechanisms are then considered and effect of oxygen 
pressure, oxidations with gases other than free O, and other 
topics. Formation of Porous Surface Layers in Corrosion. W. 
Jaenicke. (160-203). A comprehensive review of theories 
and processes; mainly non-ferrous. Discussion (208-216). 
Report on Pfefferkorn’s Electron-Microscopical Investigation 
on the Acicular Growth of Metal Oxides. T. Heumann. (204-— 
208). Growths resembling metal whiskers are illustrated and 
discussed. Combined Action of a Parabolic and a Linear 
Growth of Two Successive Oxidation Layers. K. Hauffe. 
(217-220). Experimental Methods of Investigation of Thin 
Oxide Layers on Metals. A. Politycki. (221-230). Gravi- 
metric, electrometric, manometric, and _ electron-optical 
methods are outlined. Surface Layers formed by Atmospheric 
Corrosion on Metals and their Protective Action. G. Schikorr. 
(231-255). The primary and secondary films are discussed 
and layers with apparently no action and others in equilibrium, 
layers with corrosion-promoting action and layers containing 
impurities promoting corrosion. Protective layers are then 
discussed and atmospheric corrosion in particular. Special 
cases are referred to and illustrated in the discussion. The 
Role of Alloying Additions in the Formation and Disappearance 
of Surface Layers. T. Heumann. (256-288). Brief reviews of 
salts, phosphates and Eloxal-layers; of iron, Ni, Co, Cr, Mn, 
Mo, Al, Ti, Cu, and of alloys such as Fe—Cr, Ni-Mo and 
ternary systems. Formation Processes on Noble Metals and 
their Prevention. E. Raub. (289-307). Corrosion of Iron by 
Water Vapour. E. Ulrich. (308-333). Hydrogen evolution 
during oxide formation and the concept and measurement of 
hydrogen concentration are considered and protective layer 
formation discussed. The Production of Artificial Protective 
Layers by Chemical Means. H. Keller. (334-359). Anodizing 
Al and iron and steel are reviewed, and phosphating, oxalate 
treatment, chromating and their anticorrosive, wear-resisting 
and lubricating effects are reviewed, also their electrical 
insulating properties. Layers from Electrolytic Polishing. J 

Heyes. (378-389). 

Contribution to the Study of the Properties and Modes of 
Decomposition of the Ferrous Oxide Phase. R. Collongues. 
(Publ. Sci. Techn. Air, 1957, No. 324, pp. 82). Films of FeO 
were prepared by oxidizing iron in hydrogen-steam mixtures. 
The mechanism of formation appears to depend on the diffu- 
sion of iron and there are two layers with different structures. 
The interface was studied and the effects of impurities 
evaluated. The FeO decomposes to Fe + Fe,O, and a diagram 
for the transformations is given. The phase is a defect 
structure as is the Fe,0,-yFe,O, solid solution. The formation 
of ferrites is also considered. 


Corrosion Resistance of Phosphated Steel After Heating in 
Oil. J. Doss. (PB 111915, 1955, pp. 15; TIDU List 722). 
Zine and manganese phosphate coatings were applied to steel 
and heated in a silicone oil. Heating in absence of air destroys 
the corrosion-resistance. 

Developments in Lacquering Techniques for Modern Surface 
Protection. H. Anders. (Metalloberfliche, 1956, 10, Nov., 
344-349). Technical lacquering problems are discussed with 
special reference to the present state of knowledge of corrosive 
processes, surface treatment and the new synthetic compounds. 
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Surface Protection of Ferrous Materials. G. Bolognesi. 
(Rivista Mecc., 1954, 5, July 31, 9-12) [In Italian]. The 


author describes a number of less well known methods of 


providing surface protection to ferrous metals. These include 
the application of lacquers, synthetic resins, enamels and 
glass surfacing.—m. D. J. B. 

Corrosion Resistant Linings. R. M. ©. Logan. (Corrosion 
Techn., 1957, 4, Jan., 31-33). The author reviews the applica- 
tions and limitations of bituminous coatings, also resinous 
coatings and coatings of alcohol-soluble phenolics, chlorinated 
rubber, vinyl polymers and epoxide combinations. The con- 
siderations involved in the choice of a lacquer lining are 
outlined and the precautions to be observed in corrosion tests 
are indicated.—t. E. w. 

Temporary Rust Preventives. E. 8. Lower and S. C. Cressey. 
(Machinery, 1957, 90, Mar. 8, 537-540). Compositions are 
classified, pre-treatment is discussed and application, in- 
cluding wrapping, and removal are briefly treated. 


The Protection of Metal Surfaces by Paints. RK. Endres. 


(Metailoberfldche, 1956, 10, Nov., 321-326). The principles of 


the protection of metals against corrosion by coats of paint 
are outlined, with particular reference to iron and steel. The 
properties of the two main groups of vehicles—drying chemic- 
ally and physically—are discussed. The preparation of the 
material, application of the paint, and questions of storage and 
treatment are dealt with.—t. D. H. 

Anti-Rust Paints. K. A. von Oeteren-Panhauser. (Metallo- 
berflache, 1956, 10, June, 167-173; July, 197-201). After 
outlining the losses sustained by the rusting of ferrous products, 
the paper describes the properties of protective paints, and 
the general requirements for such paints.—t. D. H. 

Modern Marine Paints. A. D. C. Hamilton. (Corrosion 
Techn., 1957, 4, Jan., 5-8). The author first compares the 
various methods of surface preparation and then considers the 
ways in which paint may be applied. The author concludes 
by indicating the most suitable paints for ship bottoms, boot- 
tops, superstructures, accommodation, cargo holds and top- 
sides.—L. E. W. 

Behaviour of Bituminous Paints on a Steel Arch. Blan- 
cheteau. (Galvano, 1956, 25, Sept., 38-41). Observations 
on an experimental steel arch from 1937-1946 are briefly 
reported. 

Protective Coatings for Atmospheric Use: Their Surface 
Preparation and Application Requirements, Physical Charac- 
teristics and Resistances. N.A.C.E. Technical Unit Com- 
mittee T-6B. (Corrosion, 1951, 18, Mar., 215-223). Detailed 
information is given on the application requirements, physical 
characteristics and resistances of 22 different types of binders. 
Materials discussed include coatings based on drying oils, 
ester gum-oil, straight and modified phenolic oil varnishes, 
straight and modified alkyd varnishes, epoxides, chlorinated 
rubber, vinyls, zinc-loaded metallic silicate, coal tar and 
asphalt. Recommended surface preparation, number of 
coats, thickness, drying times, methods of application, appli- 
cation temperatures, thinners, fire risk, compatibility with 
other types, abrasion resistance, gloss retention, resistance to 
oil and grease, maximum temperature limits, storage life, and 
health hazards. The data relate to the protection of struc- 
tural steel in normal, rural, marine, and industrial atmospheres. 


An Engineering Approach to Estimating Maintenance 
Painting. “8 F. Williams and J. H. Cogshall. (Corrosion, 
1957, 18, Jan., 3-11). Procedures are described for esti- 
mating how leng painters will take on industrial maintenance 
painting. Variables taken into account include type of 
paint, method of application, surface condition and _pre- 
treatment, surface configuration, rigging, interference, en- 
vironment and posture. Estimators without detailed know- 
ledge of painting have obtained reasonable results by this 
method which also produces closely comparable predictions 
when used by different estimators. Practical examples are 
given comparing the estimate with the measured time taken. 


POWDER METALLURGY 


Metal Powder Parts Get New Look. (Steel, 1956, 189, Dec. 
3, 121-124). Modern trends in the design, production, and 
uses of sintered metal parts are considered. Particular note 
is made of increasing size of presses being fitted with multiple 
motions. Applications of high-density iron powder parts 
are growing. A free-machining sintered iron is reported. 
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Submicron Metal Powders. M. W. Freeman and J. H. | 
Watson. (Product. Eng., 1957, 28, June, 182-184). Proper- 
ties of sintered parts from ordinary and sub-micron iron, 
Fe—-Cu and other metal powders are given and the effects of 
particle size discussed. 


FERRITES, CERMETS, AND CARBIDES 


Study of Oxide Magnets. II. Effects of Al,.O, and TiO, 
on the Magnetic Properties of Ba, Sr and Pb Ferrites. H. 
Kojima. (Nippon Kinzoku Gakkai-Si, 1955, 19, Nov., 
632-636). 

Microwave Resonance Relations in Anisotropic Single- 
Crystal Ferrites. J. ©. Artman. (Phys. Rev., 1957, 105, 
Jan. 1, 62-73). 

Granular Structures of Surface Layers in Ceramics on an 
Iron Oxide Base. J. Suchet. (J. Phys. Radium, 1957, 18, 
March, 10A-18A). Thin layers formed during cooling on 
the surfaces of mixed Zn, Mn, Ni or Co ferrites are described. 
(24 references). 

Angles Between Magnetic Spin Directions in Iron-Deficient 
Magnesium amgr W. P. Osmond. (Proc. Phys. Noc., 
1956, 69B, Dec. 1319-1325). 

Physical and Hlectrical Properties of a Nickel — as 
Affected by Compositional Changes. ‘S. L. Blum and J. E. 
Zneimer. (J. Amer. Ceram. Soc., 1957, 40, June, 208-21 f ). 

Controlled Crystal Anisotropy and Controlled Temperature 
Dependence of the Permeability and Elasticity of Various 
Cobalt-Substituted Ferrites. ©. M. van der Burgt. (Philips 
Res. Rep., 1957, 12, Apr., 97-122). 

Hyperfrequency Properties of Nickel-Zinc Ferrite-Chro- 
mites. C. Guillaud, R. Vautier and W. Kagan. (Compt. 
Rend., 1957, 244, June 3, 2781-2784). 

Variation of the Resonance Field in Nickel-Zinc Ferrite— 
Chromites. R. Vautier and W. Kagan. (Compts. Rend., 
1957, 244, June 17, 3040-3043). 


PROPERTIES AND TESTS 

Residual Stresses of Bearing Rings. JT. Hattori and T° 
Mura. (Nippon Kinzoku Gakkai-Si, 1955, 19, Apr., 282-286): 
{In Japanese]. Theoretical formulae are put forward for 
residual quenching stresses in rings, and an experimental 
method for determining them is described. The incompati- 
bility type of stress far exceeds the dislocation type. The 
tangential stress is prominent in comparison with radial 
stress, and has a tendency to change sign on shot-blasting 
the surface. Shot blasting increases micro-hardness, i.e. 
by micro-stress.—K. E. J. 

Some Sources of Defects in Ball Bearings. A. Kohaut. 
(Rev. Gén. Méc., 1957, 41, Feb., 56). Variations in the sphe- 
roidal form of balls for ball bearings are briefly considered. 

The Determination of the Modulus of Elasticity on Small 
Constructional Elements, for Example Very Small Ranges of 
Measurement of Straight Bend-Test Bars and Split Rings of 
Cast Iron, Steel or Light Metal. W. Ruff, G. Mendt and P. 
Schillméller. (Z. Metallkunde, 1957, 48, Mar., 119-125). 
Techniques are described for the measurement of very small 
extensions in small bars and piston rings, using a pneumatic 
extensometer.—L. D. H. 

On the Strength of Hardened Steel. A. L. Nemchinskii 
and N. M. Fokina. (Fizika Metallov i Metallovedenie, 1956, 
2, (1), 78-87). [Im Russian]. The influence of the velocity 
of cooling during hardening, time elapsed between hardening 
and the beginning of testing and the duration of the action 
of the load on the strength of hardened medium and high 
carbon steels was investigated. It was established that 
beginning from a certain level of the velocity of cooling, 
the strength of hardened steel decreases and can reach values 
a few times Jower than usual. The strength of a sharply 
hardened steel is particularly low immediately after quenching 
when there is no time for the relaxation processes to take place. 
By increasing the period. under load, the strength of hardened 
steel can be lowered 1-5-2 times in comparison with values 
obtained in short duration tests.—v. G. 

The Influence of the Relaxation Period on Strength of 
Hardened Steel and Its Tendency to Delayed Breaking. \. %. 
Shurakov. (Fizika Metallov i Metallovendenie, 1956, 2, (1), 
66-77). [Im Russian]. The influence of relaxation period 
(time elapsed between hardening and the beginning of testing) 
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on the strength and tendency to delayed breaking of speci- 
mens of hardened, medium, and high carbon steels was 
investigated. It was established that with increasing 
relaxation time the strength and plasticity of a specimen 
(during normal static tests) increase, and the tendency to 
delayed breaking decreases. The influence of the relaxation 
period is explained by an increase in the degree of order of 
the structure of grain boundaries which leads to their strength- 
ening. The experimental results were utilized for widening 
ideas on the mechanism of delayed breaking of steel.—v. c. 

The Tensile Properties of Selected Steels as a Function of 
Temperature. E. P. Klier. (Welding Res. Council, Bull., 
1957, No. 35, April, pp. 9). The tensile deformation and 
fracture characteristics of two strip plate steels and one low- 
alloy steel were determined from 25°C to —196°C. Both 
smooth and notched specimens were used and the true stress- 
strain data conform to the relation ¢ = ao 6” in the strain 
interval 0-075 < § < 0-30. The strength coefficient go was 
found to increase regularly with decreasing temperature, 
whereas the strain hardening exponent n of the ship steels 
dropped to a relatively low value at low temperature.—v. E 

Load Analysis. S. Sjéstrém. (Tek. Tidskr., 1957, 87, 
14 May, 461-465). [In Swedish]. The objects of load 
analysis are outlined, and examples of several types are 
worked out.—tL. D. H. 

The Relationship between Hardness and Tensile Strength 
. Steel Wire. T. Nishioka. (Nippon Kinzoku Gakkai-Si, 

955, 19, Oct, 571-574). [In Japanese, with summary in 
conta The first part of an investigation of the influence 
of tensile strength, chemical composition, heat-treatment, and 
drawing on the hardness of wire concerns the influence of 
tensile strength. The ratio hardness/tensile strength is 
compared for four steels under different conditions of heat 
treatment, passes, drawing reduction etc.—k. E. J. 

Apparatus for Wire Testing. (Draht, German ed., 1956, 
7, Dec, 465-467). Testing machines manufactured by 
Amsler & Co., are briefly described and illustrated; they 
comprise horizontal tensile testing machines with load capacity 
ranging from 130 Ibs to 440 arc torsion testing machines, a 
pulsator, and accessories.—J. G. W. 

Hydraulic Recoil in an Iron Wire. A. de Saedeleer. (Rev. 
Univ. Min., 1957, 18, Apr., 142-153). A study of vibrations 
producing permanent deformation in a wire in tension. 

Luder’s Bands. R. B. Liss. (Acta Met., 1957, 5, June, 
341-342). Propagation in annealed flat steel bars shows 
dependence on loading rate and surface imperfections and 
the effect of notches is reported. An explanation is offered 
in terms of the large number of possible slip planes in a-iron. 
Thin Cu cladding exaggerates the deformation and allows 
good visual or photographic observation. 

Effects Produced by Explosives with Lined Cavities in Steel. 
H. P. Tardif. (Research, 1956, 9, Dec., S42-S44). Contrary 
to the description of Singh and Gandhi (Idem., 1956, 9, 55). 
recrystallization takes place to a large extent in the highly 
cold-worked metal adjoining the hardened layer in carbon 
steel subjected to shaped charge attack. 

Specifications for Gray Iron. H. W. Lownie Jun. (Foundry, 
1957, 85, Feb., 120-122). A report on a draft proposal by the 
committee of the International Organization, 1955, is 
presented. 

Mechanical Properties of Flake Graphite Cast Irons. G. N. J. 
Gilbert. (Iron Steel, 1957, 30, Jan., 19-24; Feb., 45-51; Mar., 
103-106). Mechanical properties are related to composition 
and cooling rate in a critical review. Degree of eutectic 
saturation is defined and related to tensile strength, which is 
related also to bar diameter, section sensitivity, and hardness 
by various empirical expressions. The modulus of elasticity 
and stress-strain curves are then considered, and related to 
hardness and graphite content. Hardness is related to com- 
position, and modulus of elasticity to both and to eutectic 
saturation, and general relationships are sought with regard 
to cooling rate, composition, and structure. Five variables, 
chemical composition, cooling rate, tensile stress, Brinell 
hardness, and modulus of elasticity are combined on a chart 
so that from any two a third can be obtained. Variation of 
tensile strength with hardness is then formulated and the 
effect of eutectic cell size on mechanical properties discussed 
and related to the weakening effect of the graphite. 

The Influence of Casting Temperature on the Mechanical 
Properties of Sand Cast Unalloyed Grey Cast Irons. M. Ferry. 
(Fonderie, 1956, Aug., 306-320). Previous work on the effects 
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of casting temperature on the mechanical properties of grey 
cast iron is reviewed and experimental results obtained with 
twelve different grey irons are given in detail. For each cast 
measurements were made of density, grain size, tensile 
strength, elastic modulus, and hardness. The results are 
discussed with particular reference to the variation of tensile 
strength at a given casting temperature, and the dependence 
of this variation on tensile strength and carbon content. For 
high strength irons tensile strength and hardness increased 
with increasing casting temperature whereas the elastic 
modulus was relatively unchanged. For low strength irons 
the tensile strength and elastic modulus decreased with casting 
temperature but the hardness remained substantially con- 
stant.—B. C. w. 

On the Investigation of the Change of Modulus of Elasticity 
of Steel due to Quenching. T. Ueda and S. Kumei. (Nippon 
Kinzoku Gakkai-Si, 1953, 17, Dec., 623-627). [In Japanese]. 
Armco iron, various carbon steels, chromium steel, Cr—-W 
steel, and leaded free-cutting steel were compared in the 
quenched and annealed states. The modulus of elasticity 
decreases with quenching, and gradually recovers with 
tempering up to the value of the annealed state. With carbon 
steels the max. decrease of 3-5°% occurs at 0-6°, C; with the 
other steels values for the max. decrease vary between 3-3 
and 6-5%.—K. E. J. 

Evaluating the Long-Term Plasticity of Steel and Other 
Alloys at High Temperatures. A. M. Borzdyka. (Zavodskaya 
Laboratoriya, 1956, 22, (2), 225-229). [In Russian]. The 
quantitative characterization of the plastic properties of steels 
and other alloys under tension over long periods at high 
temperatures is considered, special reference being made to 
V. 8. Ivanova’s concept of reserve of plasticity. Data on the 
plasticity of medium-alloy pearlitic steels at 500° C and of 
high-alloy austenitic steels at 650° C are considered. From 
this and other material it is concluded that the true reserve 
of plasticity is best characterized by the total elongation 
during the first and second stages of creep, since it is the 
moment of transition from the second to the third stage that 
predetermines subsequent fracture.—s. kK. 

Reversible Deformation during Thermal Stability Testing of 
Rotor Forgings. H. H. Burton and J. E. Russell. (Zron Steel 
Inst. Spec. Rep., 60, 1957, 17-25). A phenomenon encountered 
in normalization of steel with 0-2-0-3°% C and 0-4-0-6% Mo 
in which a distortion appears on heating and disappears again 
on cooling has been traced to non-uniform temperature 
distribution and can be cured by renormalizing. The thermal 
stability test is discussed and various types of behaviour 
shown in it are described. In the discussion, the occurrence 
of reversible deformation in plain C steels was reported. 

On the Basic Yield Stress Curve for a Metal. A. B. Watts 
and H. Ford. (Proc. Inst. Mech. Eng., 1955, 169, (58), 1141- 
1156). Yield stress-strain curves for strip material are derived 
from a compression test between parallel dies. Optimum 
conditions for the test for cold-rolling of strip are found and 
anomalies with thick material are demonstrated. 

Effect of Interrupted Loading on Mechanical Properties of 
Metals. E. W. Evans. (Engineer, 1957, 208, Feb. 22, 292-295; 
Mar. 1, 325-327). Elongation to fracture may be increased in 
tensile tests from repeated loading and unloading with small 
strain increments. It occurs only if loading begins at or below 
the point of maximum load on the load-elongation curve. 
Mild and high-carbon steels, a-brass, Al and Cu were studied, 
curves and tables of results are given. Erichsen and hydro- 
static bulge tests were carried out on some of the materials. 
The process may have some application although no increased 
ductility was found. 

On Streak Fissures in the Fracture of a Tensile Test Specimen 
of Boiler Steel Plates. T. Koinumaru et al. (Tetsu to Hagane, 
1956, 42, Sept., 815-817). [In Japanese]. For a number of 
samples, the presence or absence of fissuring is compared with 
chemical analysis and the content of inclusions. Fissuring is 
found in specimens with a large amount of inclusions.—k. E. J. 

Tensile Strength of Whiskers. S. S. Brenner. (J. Appl. 
Phys., 1956, 27, Dec., 1484-1491). It is shown that the 
strongest iron and other whiskers are close to or above the 
lower estimate of the strength of perfect -crystals. Hooke’s 
law is obeyed up to ~ 2% strain beyond which deviation 
occurs. The strongest whiskers are the smallest and as 
diameter and length increase the strength decreases and 
scatter is considerable. This is attributed to defects. 

Design Properties of High-Strength Steels in the Presence 
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of Stress-concentrations. Effects of a Number of Variables on 
the Mechanical Properties of Aircraft High-Strength Steels. 
G. Sachs, B. B. Muvdi, and E. P. Klier. (PB.121155; TIT DU 
List 999, 1956, pp. 129). Test data are given on 6 commercial 
steels heat-treated to values of 90-130 t/in®. Tensile, notch-bar 
tensile (concentric and eccentric) impact, fatigue and notch- 
fatigue, and stress-rupture tests were used. Numerous 
variables are considered. 

Study on the Cementite Cracks in High Carbon Steels. 
Y. Watanabe et al. (Tetsu to Hagane, 1956, 42, Sept., 732- 
734). [In Japanese]. The discussion is illustrated by photo- 
micrographs of cementite cracks in the tension and com- 
pression sides in a bending specimen of file steel, and in the 
pearlite of a tension test specimen of eutectoid steel.—k. E. J. 

Studies on the Strength of Ball Bearing Steel. III. Influence 
of Small Addition of Al, Ti and V. K. Tasaka. (Tetsu to 
Hagane, 1956, 42, Sept., 759-761). [In Japanese]. Tests were 
made on steels (analyses given) to which were added Al 
(0-0-06%), Ti (0-0:05°,), and V (0-0-2%). The effects of 
quenching temperature on the bending load, hardness, carbide 
content, and austenitic grain size are described.—k. E. J. 

Improvement of Type MK-15 and MK-30 Impact Testing 
Machines. Kh. N. Dement’ev. (Zavodskaya Laboratoriya, 
1956, 22, (2), 246). [In Russian]. A brief account is given of 
an improved brake which has enabled considerable reductions 
to be made in the size of two types of impact testing machines. 

How Metals Perform under Repeated Impact. E. L. Layland. 
(Mat. Methods, 1956, 44, July, 104-105, 107-108). The 
behaviour of fifteen commonly used structural metals under 
repeated impact has been studied. The results indicate that 
the single impact strength is not necessarily any guide to the 
strength under repeated impact. Generally, the materials 
with highest single impact strength have the most rapid 
decrease of strength with the number of blows. Certain 
materials with low single impact strength were found to be 
relatively stronger under repeated impacts.—a. Ww. Mcc. 

Notch Ductility of Malleable Irons. G. A. Sandoz, N. C. 
Howells, H. F. Bishop, and W. S. Pellini. (PB.121033; T/ DU 
List 675, 1956, pp. 22). A ‘ cleavage crack ’’ ductility test 
is proposed. A brittle weld of hard-surfacing type is used to 
develop the crack. Drop weight and an explosion crack starter 
tests were used and correlated with Charpy V tests. Ferritized 
nodular and malleable irons are compared and commercial 
malleable irons tested. 

Notch Ductility of Austenitic Nodular Irons. R. E. Morey 
and H. F. Bishop. (PB.121014; TIDU List 675, 1956, pp. 22). 
Drop weight tests show irons with < 0-6°, Cr to have ex- 
tremely low nil ductility temperatures. At 1-6—-2-25°, Cr 
notch ductility is erratic and ND temperatures vary from 
— 140° F to over + 200° F. Section size, P and carbides 
impair notch ductility. 

The Impact Properties of Ferritic Nodular Irons in the 
Ductile and Brittle Condition, Using Standard and B.C.I.R.A. 
Impact Specimens. G. N. J. Gilbert. (Brit. C.J. Res. Assoc. 
J. Res. Dev., 1956, 6, Dec., 422-429). Impact values obtained 
with standard C harpy and Izod specimens are compared with 
those obtained with B.C.T.R.A. $ in. x } in. V-notched 
specimens and B.C.I.R.A. % in. square unnotched specimens. 


The B.C.I.R.A. V-notched specimen gives a wider range of 


impact values than the standard V-notched specimens but 
similar transition curves are obtained. The bend test used 
for malleable irons is not so severe a test for detecting brittle- 
ness as the V-notched impact testr—n. G. B. 

The Effect of the Nature of the Matrix on the Mechanical 
Properties of Unalloyed Grey Cast Iron. M. Ferry. (Fonderie, 
1957, Jan.. 15-23). The tensile strength, elastic modulus, 
hardness and density of as-cast bars of grey iron are compared 
with the corresponding properties of bars which have received 
a treatment at 700° C to convert the matrix to ferrite. The 
ferritic irons have a tensile strength some 25-40% less than the 
pearlitic irons and the other properties are similarly decreased. 
As for low-phosphorus pearlitic irons they were found to obey 
the relationship Rt = K.E.H., where Rt is the tensile 
strength, E the elastic modulus, H the hardness and K a 
constant. With the ferritic irons the value of K was about 
12-5 10-® as compared with 10 x 10-® for the pearlitic 
irons, thus indicating that the notch effect of the graphite is 
less important in the ferritic iron.—s. c. w. 

On the Subzero-worked 18-8 Stainless Steels. III. Tensile 
Properties of Rolled Strips. R. Odeka. (Nippon Kinzoku 
Gakkai-Si, 1954, 8, Aug., 455-458). [In Japanese]. Two 
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steels, containing respectively 8-79 Niand 18% Cr, and 11% 
Ni, 18% Cr and 2% Mo, were tested. Rolling at — 183° C 
promotes the austenite—martensite transformation, giving 
unusual hardening and improvement in tensile properties. A 
desired level of tensile strength was achieved by considerably 
less reduction than at room temperature, and hence ductility 


was better. Subsequent tempering at 400-500° C further 
enhanced the mechanical properties.—k. E. J. 
Relation Between Chemical Composition, Micrographic 


Structures and the Ultimate Strength of Spheroidal Graphite 
Iron. C. Gianola. (Fonderia Ital., 1957, 6, Feb., 65-72). [In 
Italian]. The properties of spheroidal graphite iron are 
studied in detail and the relation R a. Km, in which a 
represents the coefficient of reduction in strength of the 
matrix Rm by influence of the graphite, is discussed analytic- 
ally and checked experimentally. The elastic modulus of the 
iron is studied and considerable statistical data in table form 
are given—uM. D. J. B. 

Coarsely Crystalline Fractures in 18 HNWA Steel. J. Oger- 
man. (Prace Inst. Ministerstwa Hutnictwa, 1957, 9, 41-55). 
Effects of annealing and rate of cooling, heat treatment and 
forging were investigated. Coarse crystalline fracture occurs 
when annealing temperature exceeds 1250° C and especially 
when cooled at medium rates. Hardness and impact strength 
do not appear to be related to type of fracture. Electrolytic 
etching in chromic—phosphoric acid reveals structural changes 
at grain boundaries through which the fracture passes. 

Flaw Inspection of Steel with Hardened Fractures. N. K. 
Ipatov. (Stal’, 1956, (7), 629-631). [In Russian]. It is 
recommended that the classification of flaws in steel fractures 
should be extended to include factors providing additional 
checks and giving more quantitative characteristics of metal 
quality.—s. K. 

New Tests on Bending Beam Stresses due to Impact Forces. 
K. Riihl and H.-J. Pagel. (Forsch. Ingenieurwesens, 1956, 22, 
(6), 202-209). An extension of previous experiments with 
beams, tested by dropping weights, to the larger test pieces 
of rails, The previous experimental assumptions were found 
to apply. Bolted fish plate joints produced very little reduc- 
tion in stress in themselves but intermediate pads of rubber or 
lead produced a considerable stress reduction.—s. R. P. 

The Influence of Impact Repetitive Loads on the Radio- 
graphically Determined Bending Yield Strength. }. Macherauch. 
(Z. Metallkunde, 1956, 47, May, 312-330). Various steels and 
some non-ferrous materials were subjected in an apparatus 
described in the text to bending with and without impact-like 
repetitive stresses. Average results on a large number of 
bars showed good agreement between carried out 
mechanically and radiographically when the bars were sub- 
jected to pure bending; the radiographic results were about 
10% higher when impact repetitive stresses were superim- 
posed.—t. D. H. 

On the Trial Manufacture of a Hot Torsion Testing Machine. 
K. Tajima and K. Kugai. (Tetsu to Hagane, 1956, 42, Oct., 
980-985). [In Japanese]. The machine is designed to investi- 
gate strength and malleability of steels at speeds and tem- 
peratures corresponding with hot-working processes. It 
consists of a torque pick-up, a resistance furnace, a motor 
and reduction gears etc.; with a strain gauge as the torque- 
measuring device, torque can be measured accurately even at 
the initial instant of twisting. The temperature range is up 
to 1400° C, and the twisting , can be varied from 30 to 
1500 r.p.m. in nine steps.—kK. E. J. 

The Yield Behaviour of Mila Steel i in Dynamic Compression. 
J. D. Campbell and J. Duby. (Proc. Roy. Soc., 1956, 236A, 
July 10, 24-40). Specimens were subjected to an impact load 
causing yield in 25-30 us. Stress-time curves were obtained 
and analyzed and a stress-strain relation was derived. Micro- 
graphs show that coarse slip does not occur though there is 
evidence of fine slip and grain boundary movement. The 
results are discussed in terms of dislocation theory. In an 
derivation of dynamic stress-strain curves is 


tests 


appendix, the 
given. 

On the Stress Distribution at the Base of a Stationary Crack. 
M. L. Williams. (J. Appl. Mech., 1957, 24, Mar., 77-80). 
Former work on elastic stress variation in the neighbourhood 
of an angular corner applied to the V-notch is extended to 
the notch of zero angle, that is a crack. It is shown that 
maximum energy density occurs at an angle of -+ cos! 1/3 or 
— 70°. In antisymmetric stress it lies along the crack and 
60% lower + 85° to the sides. 
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Effect of the Size Factor on Notch Toughness in Spheroidal 
Cast Iron. A. Vetiska and L. Jeniéek. (Problems and Perspec- 
tives of Czechoslovak Metallurgy and Foundry, 1956, 357-366). 
Notched-bar impact tests on ferritic spheroidal cast iron from 
keel blocks are reported. Various factors are related to the 
values found. (25 references). 

Influence of Arsenic on the Toughness of Rail Steel. L. M. 
Shkolnik. (Stal’, 1956, (6), 548—553). [In Russian]. A 
statistical analysis of toughness-test results at various tem- 
peratures for rail steels with various compositions is presented. 
Arsenic decreases toughness less than does phosphorus, 
especially at lower temperatures; the effect of phosphorus 
increases with falling temperature, that of arsenic declines. 
The effect of each 0-1% As can be eliminated by reducing the 
phosphorus content by 0-005% approximately. The tough- 
ness of rails produced at the Azovstal’ and Kuznetsk plants is 
compared and the reasons for the low toughness of arsenic- 
containing Azovstal’ rails are considered.—s. kK. 

Structure, Hardness, Notch Toughness and Magnetic Satura- 
tion of Heat-resistant Chromium-Manganese Steels Having 
2 to 6% Ni. H. Krainer. (Arch. Eisenhiittenwesen, 1957, 28, 
Feb., 81-89). These properties were determined for forged 
samples of 120 steels having 10-30% Cr, 2-20% Mn, and 
2-4-6% nickel: (1) after quenching at 1200° in water; (2) after 
quenching at 1200° in water and subsequent annealing at 
650° for 1000 hours, and (3) after quenching at 1200° in water 
and annealing at 800° for 100 hours.—t. J. L. 

Work-Hardening and Work-Softening of Face-Centred 
Cubic Metal Crystals. A. Seeger, J. Diehl, S. Mader and H. 
Rebstock. (Phil. Mag., 1957, 2, 8th Series, Mar., 323-350). 
The conception of “stacking fault energy” is developed. 
Most of the topics concern non-ferrous systems. 

Dependence of the Mechanical Properties of Technical 
Iron on Preliminary Deformation. 8. I. Gubkin and G. N. 
Mekhed. (Stal’, 1956, (7), 654-655). [In Russian]. Killed 
technical iron was found to have better strength and plasticity 
properties than rimming iron. It enters the deformed state 
at 30% reduction, the figure for rimming technical iron being 
40-60%. Mechanical properties are improved by preliminary 
deformation.—s. K. 

Orientation of a-Phase of Cold-Working Resulting from 
Plastic Deformation of an Unstable Austenitic Steel. P. 
Bastien and R. Margerand. (Compt. Rend., 1957, 244, Mar. 25, 
1774-1776). The phase appears only if already oriented by a 
sufficiently great plastic deformation (10-20% compression) 
and is oriented when formed. In the inverse reaction, a > y, 
orientation is less closely controlled. 

The Assessment of the Drawing and Forming Qualities of 
Sheet Metal by the Swift Cup-Forming Test. 0. H. Kemmis. 
(Sheet Metal Ind., 1957, 34, Mar., 203-208). A report for a 
sub-committee of BISRA is given. A provisional standard is 
proposed. 

Effect of Cold Work on Elevated Temperature Properties of 
Types 301, 305 and 310 Stainless Steels. R. A. Lula, A. J. 
Lena and H. M. Johnson. (Trans. Amer. Soc. Mech. Eng., pre- 
print, 56-SA-44, 1956, pp. 7). The high-temperature proper- 
ties are improved so long as extensive recrystallization does 
not take place. When this exceeds 50-60% the rupture 
strength falls below that of annealed material. Change of 
grain size, redistribution of chromium carbides and sigma 
formation may be causes. 

Effect of Impurities and Imperfections on Mechanical 
Properties of Metals. E. R. Parker and J. Washburn. (PB 
118571, 1954, pp. 31; TIDU List 703). Work-hardening in 
mild steel is considered and the possibility of obtaining higher 
yield-point and tensile strength is indicated. 

Why Metals Fatigue. P. L. Teed. (New Sci., 1957, 1, Mar. 
14, 30-32). A general review. 

Some Observations on the Nature of Fatigue Damage. P. J. 
E. Forsyth. (Phil. Mag., 1957, 2, 8th Series, Apr., 437-440). 
In non-ferrous metals persistent bands are formed which 
develop rows of holes. The bands are removed by heat treat- 
ment but the holes remain. 

Investigations on the Influence of Surface Finish on the 
Fatigue Strength of Metal Test pieces. E. Siebel and M. Gaier. 
(V.dt.Z., 1956, 98, Oct. 21, 1715-1723). Experiments 
carried out on a considerable number of different steels 
showed a great reduction of fatigue strength with increase of 
surface roughness. The effect varied from steel to steel but 
in all cases depths of surface contours of less than 2u had 
no effect on fatigue strength. It is considered that some 
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allowance for surface roughness should be made in calculations 
of material strength. The improvement in fatigue strength 
resulting from surface improvement by nitriding or shot 
blasting is also shown.—J. R. P. 

Study of the Cold Brittleness of Plain Carbon Steel. I. 
Directionality of Impact Value in Hot Rolled Steel. 8. Naka- 
nishi. (Tetsu to Hagane, 1956, 42, Sept., 837-838). [In 
Japanese]. Curves of impact value against temperature 
(— 40° to 100°C) are given for 0-16° C steel specimens, 
heat-treated and furnace- or air-cooled. A marked variation 
in absorption energy is shown with positions between 90° 
and (° to the rolling direction; results are given for 100° C 
and 10° C, and in the latter case the furnace-cooled specimen 
exhibits considerably lower values of absorption energy. 


The Existence of Microcracks after Cold-Work. A. N. Stroh. 
(Phil. Mag., 1957, 8th Series, 2, Jan., 1-4). Changes in density 
and electrical resistance on cold working are ascribed to crack 
formation. Estimates of size and numbers are made. 

On Subzero-worked 18-8 Stainless Steels. I. M. Okamoto 
and R. Odaka. (Nippon Kinzoku Gakkai-Si, 1954, 18, July, 
392-396). [In Japanese]. Specimens of austenitic steel 
(analysis given) were worked at 20°, — 72°, and — 183°C. 
As temperature fell, plasticity was reduced. No martensite 
was formed at 20° C, but it was formed in increasing amounts 
as the temperature fell and the degree of working increased. 
Changes on tempering the worked steels on reheating were 
followed. The martensite began to transform to austenite at 
~ 440°C, the change finishing at ~ 640° C; recovery and 
recrystallization of the deformed structure of the untrans- 
formed austenite proceeded gradually between 630° and 
< 900° C. 

Fatigue of Cast Iron. H. Morrogh. (Foundry Trade J., 1957, 
102, Feb. 14, 197-202; Feb. 21, 239-244). Types of iron, 
test-pieces, and bars for testing, methods -of testing and 
results are given. The article is a chapter from a forthcoming 
book. (50 references). 

Fatigue of Shipbuilding Steels and the Strength of Ship 
Structures. W. F. Besukladov, G. 8. Chuvikovsky, W. S. 
Chuvikovsky, and E. M. Shevandin. (International Conference 
on Fatigue of Metals, I.M.E. and Amer. Soc. Mech. Eng., 
1956, Session 9, Paper 9, pp. 9). Failures in Liberty ships 
are described and effects of welds and rivets and laboratory 
testing apparatus and results are given. 

The Influence of Understressing on the Fatigue Properties 
of Flake Graphite and Nodular Graphite Cast Irons. G. N. J. 
Gilbert and K. B. Palmer. (Brit. C.I. Res. Assoc. J. Res. Dev., 
1956, 6, Dec., 410-421). Fatigue results are reported on iron 
previously understressed for 20 million cycles at a stress 
0-5 t/in? below the virgin fatigue limit. No appreciable 
change in fatigue limit was obtained due to understressing 
pearlitic and ferritic flake and nodular graphite cast irons. 

The Effect of Surface Finish on Fatigue. B. Cina. (Metal- 
lurgia, 1957, 55, Jan., 11-19). Emery polishing of a wide 
range of alloy steel fatigue test pieces gives artificially high 
fatigue strength values due to the cold working of the test 
piece surface. Truer fatigue strength values are obtained by 
electropolishing the test pieces, which removes the cold worked 
layer, reduces the scatter of fatigue lives, and largely resolves 
the difference in fatigue strength between rotating bending 
and direct stress fatigue tests. Stress relieving after mechanical 
polishing gave similar results to electropolishing.—B. G. B. 

The Effect of Slag Inclusion on the Fatigue Strength of Some 
Alloy Steels. K. Sakabe. (Tetsu to Hagane, 1956, 42, Sept., 
822-823). [In Japanese]. The appearances of globular and 
“lanky ” inclusions are described, and their effects on fatigue 
behaviour with loads in the range 30-80 kg/mm? are investi- 
gated.—k. E. J. 

Metals at Elevated Temperatures. K. W. Guard. (Product 
Eng., 1956, 27, Oct., 160-164). Steels are included in an 
account of fatigue and creep tests on resistant metals. Thermal 
expansions, elastic moduli, and temperature ranges are shown. 

Criterion of Plasticity of Metals in Creep. L. P. Nikitina. 
(Zavodskaya Laboratoriya, 1956, 22, (2), 230-237). [In 
Russian]. After a critical discussion of V. 8. Ivanova’s recently 
published views on the quantitative characterization of the 
high-temperature plasticity of metals, a different approach is 
proposed. It is suggested that the plastic properties should 
be directly taken into account in the determination of creep 
limit. A method developed by the author for the determina- 
tion of creep limit, requiring 1 h and giving errors of 2-5°,, 
is described. The need for longer (thousands of hours) and 
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very=long (tens of thousands of hours) experiments is indi- 
cated.—s. K. 

Investigation of Modified 12°, Chromium Steels for Inter- 
mediate Temperature Applications. P. Shahinian and J. R. 
Lane. (PB.121226; TIDU List 662, 1955, pp. 25). Creep- 
rupture properties are studied. Modification was by additions 
of Mo, V, Nb, Ti, and C. Results are discussed. 


Studies on 12°, Chromium Heat-Resisting Steels. I. Effect 
on Creep Strength of Alloy Elements. T. Fujita et al. (Tetsu 
to Hagane, 1956, 42, Sept., 766-768). [In Japanese]. Results 
of tests at 570, 620, and 650° C indicate the effects of alloy 
additions (Ti, Ni, B, and N) on the creep properties of 17 
steels (compositions given), and also the effects of increasing 
carbon content. Comparative creep curves at 650° C and 
12 kg/mm? are given for six of the steels.—kx. E. J. 

Studies on 12°, Chromium Heat-Resisting Steels. II. Effect 
on Creep Strength of Heat Treatment. T. Fujita et al. (Tetsu 
to Hagane, 1956, 42, Sept., 768-770). [In Japanese]. The 
effects of quenching temperature, quenching time, and 
tempering temperature and time, on the creep properties of 
three steels of given composition are discussed.—k. E. J. 

Metal Failure. (B.C. Professional Eng., 1956, 7, Oct., 
16-19; Nov., 20-22, 24-25; Dec., 22, 24-26, 28-29). An 
illustrated review of the causes of metal failures in service. 
Mechanical failure, fatigue, overload, and brittle fracture are 

and precautions for their avoidance given. Electro- 
lytic effects are then outlined and types of corrosion classified. 
Impingement attack, cavitation, and intergranular corrosion 
are referred to. Stress-corrosion is reviewed in steels and other 
metals and fretting corrosion, and precautions for their 
avoidance are given. 

Why Bearings Fail. D. F. Wilcock and E. R. Booser. 
(Product Eng., 1956, 27, Oct., 167-182). Two chapters of a 
forthcoming book are reproduced. Slider and roller bearings 
are considered and the various causes of failure mentioned. 
A chart is given. 

How Gasholder Failures Occur. S. M. Milbourne. (Gas 
Times, 1957, 90, Jan. 18, 67, 69). Comments on a report 
on the failure of a gasholder crown in Australia in 1956 are 
given and parallel cases of corrosion are quoted. 

Hot Hardness Testing to Ten-Thousandths. (Steel, 1956, 
189, Sept. 10, 143). A machine for measuring the hardness 
of coating-sections and interfacial areas up to 1250°F is 
described.—D. L. C. P. 

On the Hardenability of High Carbon Steels. M. Fujisawa. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, July, 441-444). [In 
Japanese]. The amount and size of retained free carbides 
have a marked effect on hardenability. If they are extremely 
fine, they tend to increase the critical cooling velocity, 
presumably by acting as nuclei for pearlite transformation. 
Austenite around a retained free carbide has an upper critical 
cooling rate higher than an austenite grain boundary; its 
carbon content falls readily for the precipitation of iron 
carbide during cooling.—kx. E. J. 

Study on the Measurement of Hardened Depth in Induction 
Surface-hardened Steels. T. Ueda, M. Tanaka, and Y. Yama- 
shita. (Nippon Kinzoku Gakkai-Si, 1953, 17, Dec., 634-638). 
{In Japanese]. A non-destructive test method consists of 
applying an alternating current and measuring the induced 
voltage in a secondary coil; this varies with hardened depth. 
Satisfactory results were obtained with samples of different 
dimensions and carbon content. Sensitivity is high with large 
exciting currents, and results are improved by matching the 
frequency to the approximate depth.—x. E. J. 

On the Dispersion of Vickers Hardness Values. T. Saga and 
O. Miyakawa. (Nippon Kinzoku Gakkai-Si, 1953, 17, Sept., 
427-431). [In Japanese]. Experiments were made on pure 
iron, steel, and brass, under loads of 1-100 kg. Vickers 
hardness numbers show normal statistical distributions. The 
variation of the standard deviation with applied load follows 
a definite relationship. In homogeneous materials, standard 
deviations vary little with grain size, but they vary consider- 
ably in steel ete.—k. E. J. 

Studies on 12°, Chromium Heat-Resisting Steels. III. Effect 
on Tempering Hardness and Micro-Structure of Alloy Elements. 
T. Fujita et al. (Tetsu to Hagane, 1956, 42, Sept., 770-772). 
{In Japanese]. Chemical compositions and heat-treatment 
conditions are given for 23 steels. Relationships are shown 
between tempering hardness, total strain, and carbon content, 
and between total strain and tempering hardness.—k. E. J. 

Experimental Check of the Lamont Curves in a 0:97° C 
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1-44% Cr Steel. M. Pujol Roig. (Inst. Investig. Tec. Trabajos 
Presentados por la Seccion de Metalurgia y Metalografia 28th 
Congress of Industr. Chemistry, Barcelona, 1956). The Lamont 
curves enable us to predict (1) the hardenability by combining 
the results of a Jominy test and the transverse hardness values 
through the section of a single bar hardened under normal 
conditions: (2) the diameter of bars which will have a given 
hardness at any point between the centre and the surface 
when submitted to a given type of quench; (3) the distribution 
of hardness values across the section of a round bar of pre- 
viously determined diameter and subjected to a given type 
of quench. The object of the present work was to check 
whether the Lamont curves were valid for a 0-97°, C, 1-44% 
Cr steel as well as for steels containing up to 0:6°, C. It was 
found that, for the chromium steel, the Lamont curves can 
be used only if we take account of the fact that the values 
obtained will be approximate and can be used only as a rough 
guide. Since the main application of this steel is for bearings 
and the rings are seldom thicker than 2 in., the hardness 
values obtained throughout the entire section will be higher 
than those corresponding to the Jominy curve. In the case 
of rolls which are generally larger than 3 in. in diameter, the 
Lamont curves are a better guide.—R. s. 


The Repeated Strain Ageing of Mild Steel. B. B. Hundy and 
T. D. Boxall. (Metallurgia, 1957, 55, Jan., 27-30). Strain 
ageing of steel takes place after each individual cold working 
operation to which it is subjected, and the authors’ results 
show that the effects of all ageing and cold working operations 
on the mechanical properties are additive. If only the last 
of several cold working operations is followed by ageing, the 
effect is less than if the steel is aged after each pass. An 
explanation is offered, based on the dislocation theory of 
strain ageing.—B. G. B. 

Control of Strain Ageing in Alpha-Iron. E. R. Morgan and 
J.C. Shyne. (Trans. Amer. Inst. Min. Met. Eng., 1957, 209; 
J. Met., 1957, 9, Jan., Section 2, 65-69). The authors discuss 
the control of nitrogen strain-ageing in low-carbon steel, and 
assess the problem in terms of theoretical, practical, and 
economic factors. Control by the use of Ti, V, Al, and B as 
alloying additions is examined; all are effective, but for 
economic reasons boron appears to offer the most promising 
practical solution.—«. F. 

Residual Stresses of Quenching of Steel Cylinders. MM. 
Eujisawa. (Nippon Kinzoku Gakkai-Si, 1954, 18, Sept.. 509- 
513; 513-516). [In Japanese]. Cylindrical samples of high- 
carbon tool steel or carburized steel were studied. In full 
hardening, residual stresses grow through non-elastic strains 
produced by thermal contraction before transformation, and 
by expansion after transformation. The latter stresses produce 
quenching cracks. Means of reducing residual stress are 
explained. In case-hardening, the residual stresses are com- 
pressive in the surface layer and tensile in the core, arising 
mainly from differences in specific volume caused by variations 
in carbon content. The influence of carbon, nickel, and 
chromium on the residual stresses of quenched iron-base alloys 
was studied. With full hardening, residual stresses are closely 
related to the cooling contraction curves; they are greatly 
influenced by the expansion caused by transformation as the 
transformation point is lowered by addition of alloying 
elements. Residual stresses of alloyed specimens are markedly 
influenced by the carbon content of austenite when they 
transform at low temperatures.—k. E. J. 


On the Nature of Embrittlement Occurring While Tempering 
a Ni-Cr Alloy Steel. G. Bhat and J. F. Libsch. (Trans. Amer. 
Inst. Min. Met. Eng., 1957, 209; J. Met., 1957, 9, Jan., 
Section 2, 20-22). Data are presented showing that embrittle- 
ment at 500° C and at 675° C in Ni-Cr (SAE.3140) steel occurs 
by different mechanisms. That at the lower temperature can 
be completely removed by a short reheat to higher tempera- 
tures, and has no influence on the higher temperature 
embrittlement. The 675° C embrittlement appears related to 
a permanent structural change, significantly retarding sub- 
sequent lower temperature embrittlement. Segregation of 
solute atoms to prior austenite and ferrite grain boundaries 
may better explain the two mechanisms than retrogression 
phenomena.—6. F. 
Upper Nose Temper Embrittlement of a Ni-Cr Steel. L. D. 
Jaffe and D. C. Buffum. (Trans. Amer. Inst. Min. Met. Eng., 
957, 209; J. Met., 1957, 9, Jan., Section 2, 8-16). The authors 
have found that temper embrittlement in Ni-Cr (SAE.3140) 
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steel occurs most rapidly in two temperature ranges, 490- 
550° C and just below 675° C. The former is characterized by 
rapid grain boundary attack by ethereal picric acid, and 
fracture along austenite ‘grain boundaries; the latter by slow 
grain boundary attack and fracture along ferrite grain 
boundaries. In the upper range, no increase in ferrite grain 
size was observed, but carbide particles grew during treat- 
ment. Embrittlement during slow cooling from 675° C 
appears to be associated with the lower range.—«. F. 

Effects of Trace Elements on Embrittlement of Steels. K. 
Balajiva, R. M. Cook, and D. K. Worn. (Nature, 1956, 178, 
Aug. 25, 433). An embrittlement mechanism operating at 
450° C in all steels tested was observed. Steels of the same 
composition were prepared by sintering pure materials and 
by melting and casting in vacuo and a commercial sample 
was also tested; the two former were unaffected by 1000 h 
at 450° C. 

Brittle Fracture in Mild Steel. M. Sjoberg. (Jernkontorets 
Ann., 1956, 140, (10), 759-811). [In Swedish]. The influence 
of stress system, loading rate, and temperature is analysed 
and it is shown that there exists a critical strain rate—or 
critical strain acceleration—which when exceeded causes 
cleavage of the ferrite. This implies a complete change of the 
classical concept which attributed brittle fracture mainly to 
triaxiality of stress. Details are given of some preliminary 
results of impact tests which aimed at defining the interaction 
between the variables governing the process of fracturing, 
energy absorption, and fracture stress. Initiation and propa- 
gation of brittle fracture are discussed on the basis of the 
Griffith theory. Attention is drawn to the significant influence 
of residual stresses on the fracture stability of structures, the 
influence of steel analysis and structure is eo and some 
views are given on methods of testing.—G. G. 

Low-Temperature Brittleness. C. 8. awest. "(Metal Pro- 
gress, 1956, 70, Dec., 68-72). Study of metallurgical behaviour 
at low temperatures has shown the interrelation between 
brittle fracture of ship plate and many of the physical proper- 
ties which are determined by crystalline perfection.—n. G. B. 

Laboratory Methods of Evaluating the Tendency of Steel 
Bolts to Undergo Brittle Fracture with Time. V. V. Pet’ko. 
(Zavodskaya Laboratoriya, 1956, 22, (2), 218-225). [In 
Russian]. Based on experience at a works laboratory, methods 
of establishing the tendency of steel bolts to delayed brittle 
fracture and causes of this effect are critically discussed. 
Examples of delayed brittle fracture are given and methods 
of examination and testing are recommended. A method has 
been developed for tensile testing under conditions similar to 
service conditions. An editorial note invites contributions on 
the production and study of delayed fracture.—s. K. 

Laboratory Methods of Evaluating the Tendency of Steel to 
Brittle Fracture. Ya. M. Potak. (Zavodskaya Laboratoriya, 
1956, 22, (2), 208-217). [In Russian]. Brittle fractures of 
steels are divided into four types and the impossibility of 
devising a single test procedure for all of them is indicated. 
The evaluation of the tendency to brittle fracture without the 
action of surface-active or corrosive media for steels containing 
ferrite in their structure, for hardened and high-tempered 
structural steels, for medium- and high-strength structural 
steels and for highly-hardened tool and case-hardened steels 
is first discussed. 'The resistance of steel to the extension of 
a crack and the effects of surface-active and corrosive sub- 
stances on sensitivity to brittle fracture are also discussed. 

Galvanising Embrittlement in Cold-bent Steel Pipes. M. 
Nakajima et al. (Tetsu to Hagane, 1956, 42, Sept., 823-824). 
[In Japanese]. The tubes investigated (compositions given) 
are welded and seamless tubes, made from rimmed steel and 
(in the latter case) killed steel.—x. BE. J. 

Strain Enerzy Release Rates for Fractures Caused by Wedge 
Action. A. A. Wells. (PB.111975; TIDU List 699, 1956, 
pp. 11). Tests for brittle fracture in which a wedge is driven 
into a preformed notch are discussed. An explanation for 
the results is advanced based on release rate of strain energy. 

Structural Steels for Warship Building with some Notes on 
Brittle Fracture. Sir Victor Shepheard. (Trans. N.E. Coast 
Inst. Eng. Ship., 1957 preprint, 301-330). A lecture. Problems 
of hull strength of surface ships and submarines, especially 
dynamic loading due to underwater explosions, are discussed, 
and testing facilities and the research work undertaken 
described. Special attention is given to brittle fracture and 
the development and welding of high-yield steels in the 
shipyards. 


JOURNAL OF THE IRON AND STEEL INSTITUTE” 


ABSTRACTS 


On the Abrasion Resistance of High Chromium Cast Iron. 
(Blades for Shot Table Blast). J. Hara et al. (Tetsu to Hagane, 
1956, 42, Sept., 727-729). [In Japanese]. Work is reported 
on steel blades with chromium contents in the range 4-80- 
34-33%. Hardnesses of steels of given composition, heat- 
treated at 1050° C are quoted. The effects of carbon content 
and sand on weight loss are shown.—k. E. J. 

An Experimental Study of Fretting. I-Ming Feng and B. G. 
Rightmire. (Inst. Mech. Eng., Advance copies, 1956, pp. 8). 
A technique of visual estimation is described and used to 
study fretting in dry air, CO,, and helium atmospheres. 
Chemical reaction occurs during or just after removal from 
the surface. 

A Review of Applications of Radioisotopes to Engineering. 
J.L. Putman. (Inst. Mech. Eng., Advance copies, 1956, pp. 10). 
Studies on the wear of tools and engine parts are quoted. 

Studies on Cold-workable Permanent Magnet Alloys. I. 
T. Mishima and K. Tachikawa. (Nippon Kinzoku Gakkai-Si, 
1955, 19, Dec., 685-689). [In Japanese]. In Co—Fe-V alloys 
which can be severely cold-worked, the saturation induction 
value increases on working, and a magnetic anisotropy appears, 
so that the value of energy product increases considerably. 
During ageing after working, the saturation induction value 
and hardness increase according to a change in a-phase, and 
at high temperatures the coercive force increases as the result 
of dispersion of y-phase. The best magnetic properties are 
obtained with the composition Co 52-:5%, Fe 34%, and 
V 13-5%, by severe cold-working and ageing at 600° C. 

Permanent Magnets with (BH)max Values Over Ten Million 
Gauss Oersteds. A. I. Luteijn and K. J. de Vos. (Philips Res. 
Rep., 1956, 11, Dec., 489-490). Treatment of Ticonal G is 
described. 

Influence of Lattice Defects on the Electrical Properties of 
Cold-worked Metals. H. G. van Bueren. (Philips Res. Rep., 
1957, 12, Feb., 1-45; June, 190-239). A thesis. 

Design Strength of Cast Crankshafts. 0. Puchner and Z. 
Hostinsky. (Slevarenstvi, 1957, 5, 35-39). Work on the 
Schenck-type test machine is described. Fatigue-strength 
tests on pearlitic annealed grey iron, annealed nodular iron 
and graphitic steel with globular pearlite, normalized. De- 
signed strengths were 4 Kg/mm!?, 6 Kg/mm? and 4-5 Kg/mm? 
respectively. 

A Theoretical Criterion for the Fracture of Metals under 
Combined Alternating Stresses. T. Yokobori. (J. Appl. 
Mech., 1957, 24, Mar. 77-80). The concepts of dislocations are 
used, modified by taking into account the stress concentration 
by inclusions against which they pile up. 

New Devices for Studying and Testing Metals. J. Koritta, 
J. Jezek, F. Khol, J. Plukat and J. Vodsedalek. (Problems 
and Perspectives of Czechoslovak Metallurgy and Foundry, 
1956, 172-187). Descriptions are given of a high-frequency 
fatigue machine, an apparatus for creep test in bending of 
brittle materials up to 1000°, an X-ray apparatus for use even 
with coarse-grained specimens and two photometers for 
evaluation of the photographs obtained, a Tesla electron 
microscope magnifying x 400 and its use as a diffractograph, 
an apparatus for measuring hysteresis loss in transformer 
sheets and an ultrasonic device for defectoscopy for testing 
joints in compound bearings. (19 references). 

Research on Structural Joints. E. J. Ruble. (Amer. Iron 
Steel Inst. Reg. Tech. Meetings, 1956, 269-300). Riveted joints 
are considered with regard to bearing pressure and rivet 
pattern. Fatigue strength is then reviewed, especially in 
high-strength steel, and cumulative damage is recorded. 
Bolted joints are then reviewed. 

Constant Stress Creep Apparatus. R. C. Boettner and W. D. 
Robertson. (Rev. Sci. Instruments, 1956, 27, Dec., 1039-1040). 

Theoretical Consideration [of an] Experimental Formula of 
Creep. M. Kawai. (Tetsu to Hagane, 1956, 42, Nov., 1035— 
1041). [In Japanese]. Creep is considered as the result of 
deformation of crystal grains and movement at grain boun- 
daries, the first effect being predominant. The rate of work- 
hardening is defined in terms of mutual reactions between 
dislocations, and experimental creep formule are represented 
as functions of stress and rate of work-hardening. The station- 
ary state of creep is considered according to this theory, and 
a rapid method of measurement is described.—k. F. J. 

Notes on the Creep Properties of Spheroidal Cast Iron with 
Special Reference to Steam Fittings. K. Lébl. (Slevarenstvi, 
1957, 5, Feb., 57-64). Most published data refer to nickel 
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alloys and to temperatures too high for the uses here con- 
sidered. Magnesium-inoculated specimens were tested in the 
range 350—500° C and long-term creep tests were also carried 
out. The values are lower than those previously reported 
but agree with some recent Russian work. (22 references). 


The Performance of Tests of Long Duration at High Tem- 
perature on Small Test pieces. W. Stauffer and A. Keller. 
(Schweiz. Arch. Wiss. Techn., 1956, 22, Oct., 319-333). A pro- 
gramme of work for tensile tests of long duration to destruc- 
tion at elevated temperatures is described. Small specimens 
5 mm thick and 32 mm long were used and it was found pos- 
sible to obtain more consistent results by this technique than 
by creep tests of short time duration.—s. R. P. 

Dilemma of Hardness Testing. E. B. Bergsmann and J. 
Travaillé. (Vdadrm. Bergsmann. Ann., 1956, 75-121). [In 
Swedish]. After reviewing the shortcomings of the Brinell, 
Rockwell and Vickers test methods the author concludes that: 
the value of conversion tables is limited, complications can 
arise when testing thin materials, work often has to be 
undertaken on inhomogeneous material, the test equipment 
is imperfect, whilst several factors influence the measure- 
ments and thus necessitate evaluation by a skilled person. He 
considers that the Rockwell and Vickers methods need 
further development and presents a suggested standard 
Vickers test procedure. In addition the cone hardness number 
is considered to comply best with the demands for an ideal 
universal hardness value and suggestions are made concerning 
suitable cone dimensions.—. G. K. 

The Brinell Hardness of Cast Iron. F. Ehrhardt. (Gies- 
sereitechn., 1957, 3, Jan., 10). Standard Brinell hardnesses for 
castings of different quality as published by the Central 
Institute for Foundry Practice, Leipzig, in 1953, are given as 
follows: 

GG 18 HB 30 170-220 Kg/sq mm 


GG 22 170-230 Kg/sq mm 
GG 26 180-240 Kg/sq mm 


On the Light Load Measurement of Vickers Hardness for 
Carbon Steel. T. Saga and O. Miyakawa. (Nippon Kinzoku 
Gakkai-Si, 1954, 18, Aug., 459-462). [In Japanese]. The 
coarser the steel grain, the greater the dispersion of hardness 
values. In coarse-grained steel the dispersion of hardness 
values increases rapidly as the load is decreased; it is governed 
by a relationship between carbon content, grain size and load. 
If the load is not extremely light, the dispersion in fine- 
grained steels increases gradually as the load is reduced; an 
empirical relationship exists between the coefficient of 
variation and the load. In pure iron, eutectoid steel and 
spheroidized steel, the distribution of hardness values is 
unaffected by the load.—x. E. J. 

Hardness Testing of Sheet Metal. Hardness Testing Com- 
mittee of the Inst. of Sheet Metal Engineering, (S.A.S.M.U.T.A.). 
(Sheet Metal Ind., 1957, 34, Apr., 267-272). Results of tests on 
samples circulated to various laboratories are reported. Great 
divergencies owing to improper loading and lack of prepara- 
tion were shown. 

Relative Dimensional Stability of a Selected Series of Stain- 
less-Steel Decimeter Bars. B. L. Page. (J. Res. Nat. Bur. 
Stand., 1957, 58, Mar., 119-124). Changes over 25 years, with 
the method of measurement, are reported. 

Study on Timken 16-25-6 Type Heat-resisting Alloy. II. 
Influence of the Degree of Working and of Nitrogen on the 
High-temperature Age-hardening after Cold Working. Y. 
Imai and K. Tanosaki. (Tetsu to Hagane, 1956, 42, Nov., 
1042-1047). [In Japanese]. The influences of nitrogen con- 
tent (0-04-0-16%), degree of working (0-30%) and solution- 
treatment temperature (1200 and 1250° C) on age-hardening 
at 600, 700 and 800° C are reported.—k. E. J. 

Study of Heat-resisting Steel. IX. E. Asano. (Tetsu to 
Hagane, 1956, 42, Nov., 1047-1053). [In Japanese]. Carbon 
contents had far greater effects in increasing precipitation- 
hardness at 800° C after solution-treatment at 1200° C than 
molybdenum or nitrogen. Increase of molybdenum gave 
greater hardness, although amounts less than 6% led to 
softening after 150 hours’ ageing at 800° C. No effect of nitro- 
gen was apparent.—k. E. J. 

The Dimensional Stability of Ball-bearing Steel. I. T. 
Hattori. (Tetsu to Hagane, 1956, 42, Oct., 969-974). [In 
Japanese]. Decrease in size of test rings produced smaller 
dimensional changes on ageing, because of more rapid decom- 
position of retained austenite between quenching and temper- 
ing. In specimens quenched from 830° C and subzero-treated, 
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increase of martensite produced contractions, and the crushing 
value dropped. In similar ones quenched from 850° C, the 
crushing value fell more, and could not be increased much by 
raising the oil temperature. The application of marquenching 
jointly with subzero-treatment produced little effect.—k«. rE. J. 

Contribution to the Problem of Temper Brittleness in Ferritic— 
Pearlitic Creep-Resisting Steels used in Steam Turbines. Z. 
Eminger. (Problems and Perspectives of Czechoslovak Metal- 
lurgy and Foundry, 1956, 76-89). Testing is described and 
the importance of the method of production is shown by 
results from various types of are and O.H. furnace steels. The 
effects of alloying elements is considered and heat-treatment 
tests up to 10,000 h are reported. It is shown that the effect on 
a machine part running in steam at temperatures up to 
580° C is negligible. 

The Arrest of Brittle Cracks in Ship Plate. J. Hunter. 
(Australasian Eng., 1957, 49, Feb. 7, 52-58). Details of the 
test used are given and the use of crack arrestors is described. 
A narrow strip of austenitic stainless steel will always arrest 
cracks and under certain conditions a transverse butt weld of 
austenitic stainless steel may do so. Laminated plates were 
also tried. (10 references). 

Factors Involved in Brittle Fracture. M. W. Lightner and 
R. W. Vanderbeck. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 
1956, 427-482). Notch-toughness behaviour is discussed and 
transition temperatures recorded for various tests. Effects of 
welding, strain rate, state of stress, composition and process of 
deoxidation are reviewed, and grain size and other features of 
structure, and heat treatment, rolling practice and service 
conditions are also considered. (53 references). 

Onset of Fast Crack Propagation in High-Strength Steel and 
Aluminium Alloys. G. R. Irwin. (PB 121224, 1956, pp. 15; 
TIDU List 718). Concepts developed are driving force per 
unit crack front and force tendency. Formule are given and 
the case of hydrogen embrittlement discussed. 

Statistical Analysis of a Wear Process. B. G. Rightmire. 
(Amer. Soc. Mech. Eng., Paper No. 56-Lub-10, preprint). A 
mathematical treatment is given of metal transfer and wear 
from the data of Kerridge (Proc. Phys. Soc., 1955, 68B, 
400-407) indicating that they can be interpreted in terms of 
the statistical behaviour of sliding contacts. The view that 
a-Fe,0, films are repeatedly formed and removed by abrasion 
is supported. 

The Influence of Surface Activity or Friction and Surface 
Damage. I-Ming Feng. (Proc. 2nd Internat. Congress of 
Surface Activity, preprint, 1957, (2), 440-450). Transition from 
low to high friction conditions was studied using iron or 
copper in ethanol vapour. At a critical vapour pressure, wear 
falls practically to zero. 

Resistance to Abrasion of Graphitic Steel. R. Kamensky and 
E. Kamenska. (Sbornik vedeckych praci Vysoke skoly banske v 
Ostravé, 1955, 1, (2), 89-98). Resistance to abrasion was 
dependent on hardness and was not influenced by the presence 
of graphite so that graphitic steels have no advantage for 
purposes requiring resistance to abrasion. 

The Stages in a Process of Severe Metallic Wear. M. Kerridge 
and J. K. Lancaster. (Proc. Roy. Soc., 1956, 286A, Aug. 2, 
250-264). Wear of radio-activated brass against Stellite or 
tool steel was measured. 

Wear Resistance of Steel Surfaces. V. V. Chernyshev. 
(Vestnik Mashinostroeniya, 1952, 32, (9), 54-57). Two 
cylinders, one stationary and one rotating, were studied over 
a range of speeds and pressures. Effects were correlated with 
alloying elements (1-65% Mn, 0-°3% Si, 1-0% Cr, 0-5% C 
and 0:4% Ni) and surface hardening and tempering were also 
used. Wear is reduced by increased rate of sliding and mech- 
anism is discussed. 

Steel Castings Shrug off Wear and Impact Abuse. ©. G. 
Mickelson. (Iron Age, 1957, 179, Feb. 21, 100-101). An 
account of Wearpact steel, a low-alloy type containing 
0-23-0-33 C, 1-3—-1-8 Mn, 0-3—0-6 Si, 0-4-1-0 Cr, 0-4—0-6 
Mo and 0-5 Ni max also B and other elements. Tests on 
crushers and bucket hoes are described and its use for tractor 
shoes. It can be welded and machined. 

The Wear of Metals under Unlubricated Conditions. J. F. 
Archard and W. Hirst. (Proc. Roy. Soc., 1956, 286, Aug. 2, 
397-410). Tests on a pin and ring machine in which various 
metals were rubbed against steels or steel against WC are 
described. 

Soundless External Dry Friction of Metals at Low Sliding 
Rates. N. F. Kunin and G. D. Lomakin. (Zhur. Tekhn. Fiz., 
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1954, 24, (8), 1361-1366). Sliding of Sn, Cu and Al on iron at 
rates slow enough to give first order vibrations was investi- 
gated. An expression for coefficient of friction and dynamic 
coefficient of compression at various rates is developed. 

Friction and Seizing Tests on Bearing Materials. J. Shon. 
(Materidlovy Sborntk, 1956, 27-54). [In Czech]. A study of 
dry friction with various couples sliding over one another at 
various velocities is presen Couples for bearings were 
classified according to suitability. In decreasing order of 
quality they were: (a) steels with bronzes or brasses; (b) steel 
on steel, with at least one member having a high surface 
hardness, (c) stainless steel on stainless steel, as well as other 
couples. Results with lubrication are also given. Tempera- 
tures ranged from 20-600° C, gliding speeds from 0-026 to 
0-375 m/sec.—P. F. 

Evaluating Flaw Detection Methods Based on the Use of 
Coloured Liquids. V. Blazek. (Sborntk Defektoskopie, 1956, 
317-321). [In Czech]. Coloured ink flaw-detectors are discussed 
with special reference to detectors of Czechoslovak manufac- 
ture.—P. F. 

Methods of Magnetic Flaw-Detection. J. Broz. (Sbornik 
Defektoskopie, 1956, 235-268). [In Czech]. 

Flaw-Detection Readings. (Brit. Eng., 1957, 39, Mar., 296). 
A method of recording magnetic flaw-detection readings 
developed by Industrial Tapes Ltd. and Radalloy Ltd. is 
outlined. Recording is done on Speedfix tape. 

Apparatus for Magnetic Induction Tests on Materials. M. 
Smahel. (Sbornik Defektoskopie, 1956, 307-316). [In Czech]. 
Czechoslovak and foreign electromagnetic sorting bridges are 
discussed.—P. F. 

Changes of the Internal Friction Caused by Some Magnetic 
Hystereses. G. Mima and §. Imoto. (Nippon Kinzoku 
Gakkai-Si, 1954, 8, Aug., 445-448). [In English]. A bar to 
Fe-—Cr alloy was inserted into a solenoid actuated by d.c., 
and the circuit suddenly opened. The internal friction of the 
bar was found to be greatly increased, but the increase was 
removed by demagnetization or further magnetization. The 
phenomenon is ascribed to a change in the micro-magnetic 
state of the bar caused by hysteresis, and a possible explana- 
tion is based on micro-eddy currents at excited domain 
walls.—x. E. J. 

The Influence of Impurities on the Magnetic Properties of 
High-purity 3% Silicon Iron. D. A. Leak and G. M. Leak. 
(J. Iron Steel Inst., 1957, 187, Nov., 190-194). [This issue]. 

The Magnetic Rolling Anisotropy of Face-Centred Cubic 
Iron-Nickel Alloys. H.-J. Bunge and H. G. Miiller. (Z. 
Metallkunde, 1957, 48, Jan., 26-32). Anisotropy is measured 
as a function of degree and direction of rolling and the results 
interpreted on disorder theory. 

Electronic Methods of Non-destructive Testing. G. Bubenzer. 
(V.d.I.Z., 1956, 98, Sept. 21, 1601-1602). An abstract of a 
paper published in Electronik on the magnetic induction and 
field methods for non-destructive testing of ferromagnetic 
materials and the eddy current technique for non-ferrous 
metals. The degree of hardening as well as the presence of 
cracks and cavities is detected.—4J. R. P. 

The Use of Electrical and Magnetic Properties in the Study of 
High-Purity Iron Alloys. F. E. Jaumot, Jun. and R. L. Smith. 
(Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 211-229). 
Resistivity, thermoelectric power, magnetic moment, hys- 
teresis loop parameters, torque curves and rotational hysteresis 
measurements are discussed from the metallurgical standpoint. 


Proceedings of the International Conference on Electron 
Transport in Metals and Solids. (Canad. J. Phys., 1956, 34, 
Dec., Special No.). Interaction between Electrons and Lat- 
tice Vibrations. J. Bardeen. (1171-1189). On Some Electrical 
and Magnetic Properties of Metallic Solid Solutions. J. Friedel. 
(1190-1211). Electrical Resistance Due to Lattice Imperfec- 
tions in Metals. P. G. Klemens. (1212-1218). On the Electrical 
Resistivity of Stacking Faults in Monovalent Metals. A. 
Seeger. (1219-1235). Remarks on the Anomalous Behaviour 
of Alloys Containing Traces of Manganese or Similar Elements. 
C. J. Gorter, G. J. van den Berg and J. de Nobel. (1281-1284). 
Electrical and Thermal Conductivity of Metals. K. Mendels- 
sohn. (1315-1327). Conductivity of Metals at Low Tempera- 
tures. G. K. White. (1328-1333). 

Electro-Induction Tests by Means of the Instrument 
“ ZETAP.” A. Pokorny. (Sbornik Defektoskopie, 1956, 
295-306). [In Czech]. The design, scope and performance of a 
sorting bridge of Czechoslovak manufacture are considered. 

Measuring Watt-Losses in Transformer Sheet for Acoustic 
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Frequencies. F. Kohl. (Materidlovij Sbornik, 1956, 169-181). 
{In Czech]. An absolute calorimetric method for measuring 
power losses is described.—?. F. 

The Construction of Electromagnetic Sorters of Rod-Shaped 
Materials. Z. Frank. (Sborntk Defektoskopie, 1956, 269-294). 
{In Czech]. The construction of sorters is discussed with 
special reference to equipment of recent Czechoslovak design. 

Ultrasonics, F. Dyngvold. (Tek. Ukeblad, 1957, 104, Jan. 
3, 3-11). A comprehensive review of the properties, genera- 
tion and uses of ultrasonics in chemistry and technology, 
(coagulation and dispersion) as well as in metallurgy; (degass- 
ing, plating, etc.). is presented. 

‘“‘ Autosonics’ Flaw Detection. Continuous-scan Ultra- 
sonic Inspection. (Engineering, 1957, 188, Mar. 22, 377-378). 
Apparatus for steel plate, light alloy ingots and forgings is 
announced, Recordings are shown and characteristics and 
operations described. The installations are supplied by 
Kelvin and Hughes (Industrial) Ltd. 

Advances in Non-Destructive Testing. (.Wetalworking Prod., 
1957, 101, Mar. 22, 510-511). A fully automatic ultrasonic 
method of testing known as the Autosonic process has been 
introduced by Kelvin Hughes Ltd. The technique provides 
for scanning the material under inspection with a pre- 
determined pattern by a suitable probe. Methods of inspecting 
flat sheet metal and cylindrical billets for laminar flaws are 
demonstrated. Continuous high speed scanning, at a speed of 
100 ft per min has also been shown. by model.—xm. A. K. 

An Ultrasonic Defectoscope with Visual Electronic Indica- 
tion. J. Obraz. (Sbornik Defektoskopie, 1956, 209-234). [In 
Czech]. The scope and design of ultrasonic microscopes are 
reviewed.—P. F. 

Theoretical Basis and Survey of Methods of Ultrasonic 
Testing. K. Slonek. (Sborntk Defektoskopie, 1956, 137-155). 
[In Czech].—?. F. 

Experiences Gained in the Construction and the Design of 
the Electronics of an Impulse-Type Ultrasonic Flaw-Detector. 
J. Durice. (Sbornik Defektoskopie, 1956, 219-233). [In 
Slovak].—P. F. 

Attenuation of Ultrasonic Waves in Metals. IV. Attenuation 
in Hypoeutectoid Carbon Steel with Various Grain Sizes. T. 
Hirone and K. Kamigaki. (Nippon Kinzoku Gakkai-Si, 1954, 
18, Aug., 483-486). [In Japanese]. Tests were made on 
normalized 0-75% carbon steel in the frequency range 2—25 
Mc/s. Attenuation increased with frequency slowly in the 
low-frequency range and very rapidly in the high-frequency 
range, the rate of increase becoming steeper with larger grain 
sizes. The coefficient of attenuation can be expressed in terms 
of frequency and coefficients depending on grain size, and the 
results can be explained theoretically.—x. E. J. 

Contribution to the Investigation of the Vibration Properties 
of Metallic Materials in the Ultrasonic Region at Elevated 
Temperatures. H. J. Seemann and H. Staats. (Z. Metallkunde, 
1956, 47, Sept., 637-643). A device is described by which 
cylindrical test pieces are excited electromagnetically, the 
eddy currents produced also heating the specimen; the tem- 
perature is controlled by regulated cooling. The amplitude is 
measured by capacity change, and amplitude and frequency 
can be determined up to 1000°C. Amongst other metals, 
two Cr—Ni steels were investigated, and preliminary results 
reported. The determination of the moduli of elasticity gave 
results which agreed well with those obtained by other 
methods. The apparatus used is described and details are 
given of the methods of measuring and evaluation.—t. bD. H. 

Ultrasonic Testing of Rails and Railway Materials. F. 
Matous. (Sbornik Defektoskopie, 1956, 183-208). [In Czech]. 
A survey is made of methods and equipment with special 
reference to gear designed in Czechoslovakia.—P. F. 

Testing Large Forgings by Means of Ultrasonics in Practice. 
V. Koblovsky. (Sbornik Defektoskopie, 1956, 155-170). [In 
Czech].—?. F. 

Evaluation of Experience Gained in Checking Large Rotors 
for Soundness by means of Ultrasonics. V. Blazek. (Sbornik 
Defektoskopie, 1956, 171-182). [In Czech].—». F. 

Ultrasonic Testing of Generator Rotors. K. Slonek. 
(Materidlovy Sbornik, 1956, 157-168). [In Czech]. Tests 
carried out on 33 large rotors are evaluated. Thirteen of these 
were found to have some faults. Those having serious faults 
were sectioned. Good correlation with the type of fault 
indicated by the non-destructive method and by those 
actually laid bare on sectioning was obtained. Ultrasonic 
testing is considered entirely reliable for this application.—P. F. 
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Electron and Lattice Conduction in Metals. I. I. Hanna and 
E. H. Sondheimer. (Proc. Roy. Soc., 1957, 289, Feb. 26, 
247-266). Electrical and thermal and thermo-electric proper- 
ties are considered on a mathematical basis. 

Ultrasonics and their Uses. 8S. Ya. Sokolov. (Priroda, 1954, 
43, (3), 21-34). Apparatus for generating waves, their 
properties, and propagation and effects in dispersion and 
coagulation, and use for flaw detection in metals are reviewed. 
The development of an ultrasonic microscope with a resolution 
of 10-15 wu is briefly outlined and its use for the study of 
metal coatings, heat flow, cavitation, electrolytic gas evolution 
and of defects in steel castings is described and illustrated. 

Ultrasonic Testing by Immersion Method. J. B. Morgan. 
(Steel, 1956, 189, Aug. 27, 94-98). 

Some Experimental Studies on the Attenuation of Ultrasonic 
Waves in Forged Steel. T. Noda et al. (Tetsu to Hagane, 
1956, 42, Sept., 866-867). [In Japanese]. The relationship 
of the attenuation with the forging ratio, and that with the 
heat treatment at various forging ratios, are explored experi- 
mentally. A close correlation between echo characteristics 
and grain size is established.—x. E. J. 

Attenuation of Ultrasonic Waves in Metals. V. Attenuation 
in White Cast Iron and its Annealed Structures. T. Hirone 
and K. Kamigaki. (Nippon Kinzoku Gakkai-Si, 1954, 18, 
Sept., 545-548). [In Japanese]. Experiments were made in 
the range 2-25 Mc/s on specimens annealed several times to 
increase graphitization. Generally the attenuation increases 
regularly with frequency, but with increasing degrees of 
graphitization a attenuation in the higher frequencies is 
greater.— kK. E. 

X-Ray Satellite Line Structure of Ferrite for Cr K Radiation. 
V. Weiss and E. P. Klier. (Trans. Amer. Inst. Min. Met. 
Eng., 1957, 209; J. Met., 1957, 9, Jan., Section 2, 41-43). 
From studies of the X-ray diffraction line geometry of iron 
with chromium radiation, the authors show that diffraction 
lines resulting from the satellite emission spectral lines are 
readily encountered in the use of diffraction techniques now 
available. The wavelengths of some emission satellites of 
interest are reported.—«. F. 

Contribution to the Theory of the Radiographic Method for 
Determining Diffusion Parameters. V. T. Borisov and V. M. 
Golikov. (Zavodskaya Laboratoriya, 1956, 22, (2), 178-188). 
{In Russian]. Equations are derived for studying diffusion 
along grain boundaries and within grains. The diffusion para- 
meters are determined simultaneously from radiographic 
measurements. The diffusion of tin in iron at 900°C is 
considered. An editorial note indicates that some of the 
material presented requires verification and invites contri- 
butions.—s. K. 

The Use of Gamma-Rays for Material Testing. G. Miinch. 
(Giesserei, 1956, 48, Nov. 8, 745-750). The whole field of 
non-destructive testing is reviewed. The properties of gamma- 
rays are discussed and containers for storing the radioactive 
sources (especially ®Co) are described in detail. Exposure 
turves are given for various thicknesses of steel. The deter- 
mination of faults in castings is described. A comparison is 
made between X-rays and y-rays. Examples are given of the 
practical application of y-radiography.—Rk. J. w. 

Effects of Neutron Irradiation on Metals and Alloys. A. H. 
Cotterell. (Met. Rev., 1956, 1, (4), 479-522). A general review 
with 93 references. 

Thermal Expansion Coefficient, Rigidity Modulus and Its 
Temperature Coefficient in Alloys of Iron, Nickel, Cobalt and 
Chromium, and Relations of Super Invar to Stainless Invar and 
of Elinvar to Co-Elinvar. H. Masumoto, H. Saito, T. Kono, 
and Y. Sugai. (Sci. Rep. Res. Inst. Téhoku Univ., 1956, 8A, 
Dec., 471-483). Effects of chromium addition on Fe—Ni—Co 
alloys are determined. Two ranges of minimum values are 
found, one from the composition of invar and the other from 
those of co-invar or stainless invar in the binary and ternary 
systems. They come together at 10% Cr in the quaternary 
system suggesting that the Ni and Co in these alloys can be 
substituted by one another almost linearly. 

On the High Temperature Strength of Low Alloy Steels. II. 
S. Yamamoto et al. (Tetsu to Hagane, 1956, 42, Sept., 892- 
893). [In Japanese]. For five specimens, of given composition 
and heat treatment, creep and rupture data at 500°C are 
presented.—k. E. J. 

On the Mechanical Properties at Elevated Temperature and 
Oxidation Properties of Some Heat-Resisting Steels of the 
Ferrite System. T. Kuno et al. (Tetsu to Hagane, 1956, 42, 
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Sept., 781-782). [In Japanese]. For seven steels of given 
compositions, heat-treatments are described, and the tensile, 
elongation and impact properties at room temp., 600° C and 
650° C are se 100-h rupture strengths at 600° C are also 
given.—k. E. 

Testing Steel Pipes and Welds for High-Temperature Service. 
(Metal Treatment and Drop Forging, 1957, 24, Feb., 72, 86). 
Testing at Brimsdown Power Station in a bell-type furnace 
is described. 

Study of Tool Steels by Means of a High Temperature Hard- 
ness Tester. M. Abe et al. (T'etsu to Hagane, 1956, 42, Sept., 
756-758). [In Japanese]. For several high-speed steels, 
results are given for the variation of room-temperature hard- 
ness with repeated tempering, changes of dimension with 
repeated tempering, and the variation of hardness with 
temperatures in the range 0-600° C (heating and cooling). 


Study on Manufacturing of a Large Composite Wheel, the 
Rim of which is Made of the Super-High Grade Heat-Resisting 
Steel LCN-155. K. Deguchi et al. (Tetsu to Hagane, 1956, 42, 
Sept., 931-933). [In Japanese]. High-temperature mechanical 
properties of test pieces — the boss, rim, and welded 
portions are given.—k. E. 

Solubility and Diffusivity of Gold, Iron, and Copper in Silicon. 
J. D. Struthers. (J. Appl. Phys., 1956, 27, Dec., 1560). 
Using **Fe diffusivity was determined as D = 0-0062 exp 
(— 20,000/RT), between 900-1350° C. 

On the Surface Tension of Cast Iron. D. Pohl and E. Scheil. 
(Giesserei, 1956, 48, Dec. 20, 833-839). The surface tension 
of a material must obey certain physico-chemical laws. The 
importance of surface tension to the foundryman is discussed 
and the advantages and disadvantages of static and dynamic 
methods of measurement are considered. The method in 
which oscillations in jets are measured is described and the 
results compared with those of other workers. The dependence 
of the mould-filling properties of a liquid metal on its surface 
tension is described.—Rr. J. w. 

The Unseen Culprits: Gases in Metals. M. W. Mallett. 
(Steel, 1956, 189, Oct. 8, 94-98). Present knowledge on the 
effects of gases in metals is reviewed and modern practice 
noted. The roles of hydrogen, oxygen, and nitrogen in 
embrittlement and porosity is considered.—p. L. ¢. P. 


Nitrogen as Alloying Element in Steel. XV. The Effect of 
Nitrogen on the Tempering of Cold-worked Steels. XVI. A 
Few Experiments on High-manganese Austenitic Steel Con- 
taining Nitrogen of Various Contents. Y. Imai and T. Ishizaki. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Sept., 524-529, 529 
533). [In Japanese]. XV. In steels containing Mn, Al, Ti, 
and N, changes in magnetic and electrical properties under 
conditions of cold-working and tempering began to appear at 
about 100°, 250°, and 400—550° C with addition of nitrogen, 
and to become more pronounced with its increase; the first 
two changes are attributed to precipitation of carbon or 
nitrogen, and the last to re-solution. The relief of cold-working 
stress begins to appear at approx. 300° C. Increase of manga- 
nese content reduces the effects of nitrogen. (21 references). 
XVI. The grain size at the stages becomes finer with increase 
of nitrogen content, and nitrogen suppresses grain growth at 
high temperatures. As nitrogen contents increase, the 
austenite structure becomes stable _ the rate of erystalliza- 
tion of carbide becomes less.—k. FE. 

Effect of Nitrogen on Hardenability in Boron Steels. J. C. 
Shyne and E. R. Morgan. (Trans. Amer. Inst. Min. Met. Eng., 
1957, 209; J. Met., 1957, 9, Jan., Section 2, 116-117). The 
authors have examined some of the effects and interactions 
of boron and nitrogen in steel. It is shown that nitrogen 
eliminates the boron contribution to hardenability, and the 
possible mechanism is discussed.—a. F. 

<r teen Embrittlement of Steel. W. Rostoker. (Steel, 

956, 189, Nov. 12, 138-144). The effects of hydrogen em- 
bie a oncad are reviewed and its mechanism considered. 

On the Hydrogen Embrittlement of Carbon Steel. I. H. 
Takebayashi et al. (Tetsu to Hagane, 1956, 42, Sept., 882-883). 
{In Japanese]. A smooth curve illustrates the fall of elongation 
value with increase of hydrogen content up to 2-5 x 10-#%, 
Changes in hydrogen content and ductility on ageing for up 
to 5000 hours after rolling are illustrated. The correlation of 
elongation value and strain rate is shown for three levels of 
hydrogen content.—k. FE. J. 

Hydrogen Embrittlement In an Ultra-High-Strength 4340 
Steel. E. P. Klier, B. B. Muvdi, and G. Sachs. (Trans. Amer. 
Inst. Min. Met. Eng., 1957, 209; J. Met., 1957, 9, Jan., 
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Section 2, 106-112). Hydrogen-embrittlement in a high- 
strength 2% Ni-1% Cr-}% Mo steel has been studied by 
means of tension, notch-tension, bend, and sustained-load 
tests, hydrogen being introduced under conditions correspond- 
ing to cleaning and plating. Embrittlement in static tests 
depends on the strain rates used, agreeing with previous work, 
but rate of recovery from embrittlement differs in cathodically 
cleaned and plated specimens. Low fracture strength in 
sustained load tests results from formation of an external 
crack and consequent reduction in cross-section.—«. F. 

Sensitometric Research into the Optimum Conditions for the 
Use of Radioactive Sources in Gammagraphy of Steel. H. de 
Leiris and E. Antoni. (Rev. Mét., 1957, 54, Mar., 189-199). 
The choice of the emulsion and of exposure conditions must 
be based primarily on the blackening law for radiographic 
emulsions for which four constants are involved. The deter- 
mination of these constants is examined and it is shown how 
they can be related to the speed and contrast of an emulsion. 
The measurement of image quality by a French standard 
method and its application to the solution of practical 
problems are discussed.—B. G. B. 

High-Temperature-Resisting Constructional Materials. N. 
Pecorelli. (Calore, 1957, 28, Mar., 115-126). [In Italian]. The 
cold and hot properties of heat resisting materials are dis- 
cussed. Stainless and super-stainless steels are described in 
detail and their properties and compositions given. Sintered 
and ceramic materials are also discussed as well as carbides. 
Much technical information is given in table form.—m. D. J. B. 

Diffusion in Multicomponent Metallic Systems. J. S. 
Kirkaldy. (Canad. J. Phys., 1957, 385, Apr., 435-440). Equa- 
tions are presented and agreement with measured values 
for the Fe—C—Si system is shown. 

Diffusion Constant of Hydrogen in Iron Cathodes. B. 
Baranowski, Z. Szklarska-Smialowska and M. Smialowski. 
(Bull. Acad. Polonaise Sci., 1957, 5, (2), 191-196). At 20° the 
diffusion constant is only 1% of the value extrapolated from 
high temperatures. Two stages of desorption from wire 
were found and the dependence of deformation on process of 
H, penetration is confirmed. 

On the Problem of the Velocity of Diffusion of Phosphorus in 
Steel. V.N. Svechnikov and 8.8. Golubev. (Fizika Metallov i 
Metallovedenie, 1956, 2, (1), 88-92). [In Russian]. The 
behaviour of phosphorus in steel (0-15% P; 0:45% C) was 
investigated using metallographic and dilatometric methods. 
It was established that during slow heating and cooling in the 
temperature region of co-existence of a and y-phases a 
redistribution of carbon and phosphorus, corresponding to 
their solubility limits in these phases, takes place. The view 
that stable intercrystalline segregation of phosphorus is 
due to its low velocity of diffusion is wrong. In order to obtain 
a uniform distribution of phosphorus in steel by a thermal 
treatment, a rapid cooling in the critical temperature range 
is necessary. Other elements like arsenic, silicon etc., which 
have sharply different solubilities in the a and y phases and 
do not form stable carbides will behave similarly to phos- 
phorus.—v. G. 

Applications of Radioactive Isotopes in the Investigation of 
Metal Diffusion. Z. Jasiewicz. (Hutnik, 1956, 28, (4), 163- 
167). [In Polish]. The author discusses the advantages of the 
application of radioactive isotopes in the investigation of the 
problem of diffusion and self-diffusion of metals, He gives a 
critical review of some of the experimental methods of the 
determination of the coefficient of diffusion such as absorp- 
tion, “ thin layer ” and “ thick layer.”’—x. G. 

Approximate Calculation of the Surface Tension of Metals. 
8. N. Zadumkin. (Doklady Akad. Nauk S.S.S.R., 1957, 112, 
(3), 453-456). [In Russian]. Approximate formulae for the 
value of surface tension and temperature coefficient, based 
on atomic structure and thermodynamic data, are given for 
Ag, Au, Cu, Pb, Al, Pt, y-Fe, Ca, B-Co, B-Ni and B-Tl.—+s. 1. 7. 

Hydrogen in Steel. J. Calmettes and R. Ferry. (Rev. Mét., 
1957, 54, Mar., 181-184). The problems involved in sampling, 
preservation, preparation and measurement of hydrogen in 
steel are discussed. Factors influencing the evolution of 
hydrogen during the various stages of manufacture are 
reviewed; basic and acid O.H. and the are furnace are con- 
sidered.—B. G. B. 

The Influence of Arsenic on the Properties of Steel. F. 
Benes. (Hutnické Listy, 1957, 12, (1), 85-96). [In Czech]. The 
influence of arsenic on the Ac, and Ms points, on the formation 
of banded structures, and its effects on the yield stress, impact 
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strength, fatigue strength, hardenability, austenite grain 
size, weldability and deep-drawing properties have been 
investigated over a wide range of the variables in a number 
of plain carbon and alloy steels. In high quality steels it is 
recommended that arsenic be kept below 0-03 to 0-04%, and 
methods for removing it from the ores should be studied. 

Investigation of Punching Die Steel. II. The Effects of 
Carbon, Manganese and Chromium on 5% Cr Punching Die 
Steel. IV. The Effects of Tungsten, Molybdenum and Vanadium 
on 5% Cr Punching Die Steel. S. Koshida and T. Kuno. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, June, 362-365; 365-— 
369). [In Japanese]. Investigations were made on standard 
steels containing 1-1% C and 5-0°, Cr. Increase of C or Mn 
content produces a drop in the A, and Ar” transformation 
points, and also in the quenching temperature necessary for 
maximum hardness, but Cr has the opposite effects. The 
rate of deformation due to heat treatment is decreased by 
increases in all three elements. IV. The A, point is increased by 
increase in V content. The quenching temperature necessary 
for maximum hardness is lowered by increase of Mo content, 
but increased by increase of V content. The rate of deforma- 
tion due to heat treatment decreases but increases with W 
content. The tempering hardness increases with increase of 
all three elements.—k. E. J. 


METALLOGRAPHY 


Construction of a Hot Stage for High Temperature Metal 
Microscopy, and Examples of its Use. I. Pfeiffer. (Z. Metall- 
kunde, 1957, 48, Apr., 171-175). The constructional details 
and mode of operation of a hot stage for high temperature 
metal microscopy are described. The revealing and alteration 
of the structure by thermal etching are discussed. Three 
examples of the use of the stage are given.—L. D. H. 

Possibilities of Using Field-Emission Microscopy in the 
Study of the Structure of Metals. A. Delong, V. Drahos, L. 
Bezdék and S. Riziéka. (Hutnické Listy, 1957, 12, (3), 206- 
215). [In Czech]. The growth of austenite grains and carbide 
precipitation were studied by the method; a table-model 
electron-microscope of Czechoslovak manufacture was used. 
The experimental technique is described. The temperatures 
were in the range 750—900° C.—». F. 

Electron Microscopic Investigation of the Structure of 
Nodular Graphite in Cast Iron. E. A. Leont’ev, V. M. Luk’yan- 
ovich and B. S. Mil’man. (Doklady Akad. Nauk S.S.S.R., 
1957, 112, (3), 461-463). [In Russian]. Graphite spheroids 
were electrolytically extracted from a Mg-bearing cast iron. 
The surfaces of the spheroids were reproduced by silica 
replicas of collodion peels and they were studied under an 
electron microscope. Crushed graphite spheroids after intense 
oxidation showed flaky packets representing destroyed 
graphite crystals which opened up along their basal planes. 

Possibilities of Decreasing the Frequency of Occurrence and 
the Detrimental Effects of Inclusions. Z. Kadefravek. (Hut- 
nické Listy, 1957, 12, (1), 9-20). [In Czech]. In killed steels 
deoxidation by means of complex alloys results in the forma- 
tion of liquid oxidation products, and thus minimizes the 
concentration of inclusions. In rimming steels the amount of 
manganese is important from that point of view. The influence 
of steelmaking technology and heat treatments on the amount, 
distribution and shape of inclusions are discussed.—P. F. 

Non-Metallic Inclusions in Rimming Steel. K. K. Neiland. 
(Latvijas PSR Zinatnu Akademijas Vestis, 1954, (11), 133-146). 
Steels from the scrap process in 30-t basic O.H. furnaces were 
examined and it was concluded that a considerable amount of 
oxidized inclusions is present at melt down, and these are re- 
moved if the boil is vigorous enough. Mixed or impure charge 
increases the content, SiO,, Al,O; and Cr,O, inclusions are 
present throughout; shape, size and composition of inclusions 
change during boil and are not affected by Mn content; and 
in small ingots inclusions are distributed very irregularly. 
Finally it appeared that Al addition during bottom pouring 
contaminated the lower part of the ingot and lowered 
ductility. 

Effects of Plastic Deformation on Carbide Precipitation in 
Steel. D. V. Wilson. (Acta Met., 1957, 5, June, 293-302). 
Steels with 0-47, 0-74 and 0-88% C were examined by elec- 
tron microscopy and magnetic analysis. Cold work restrains 
precipitation, normal precipitation of the e-carbide in the 
first stage of tempering can be suppressed and, on heating 
above 200° C, cementite precipitation is hindered. Deforma- 
tion of a tempered steel tends to redissolve the carbide. 


NOVEMBER, 1957 





grain 
> been 
umber 
Is it is 
Yo, and 
d. 


acts of 
ng Die 
adium 
Kuno. 
; 365- 
ndard 
or Mn 
nation 
ry for 

The 
od by 
sed by 
-ssary 
ntent, 
orma- 
th W 
use of 


Metal 
etall- 
etails 
ature 
ation 
Three 


| the 
a, DL. 
206- 
rbide 
10del 
ised. 
bures 


2 of 
yan- 
Jats, 
‘oids 
iron. 
ilica 
r an 
ense 
yyed 
S. 

and 
Tut- 
eels 
ma- 
the 
t of 
nce 
int, 


ind. 
46). 
rere 
t of 


red 


ec- 
ins 
sche 
ing 
1a- 
le. 





ABSTRACTS 271 


Explanations are based on interaction of C with lattice 
defects. 

Study on Carbides in Iron and Steel by Electrolytic Isolation. 
II. Partition of Alloying Elements between Ferrite and Car- 
bides. T. Sato and T. Nishizawa. (Nippon Kinzoku Gakkai-Si, 
1955, 19, June, 385-389). [In Japanese]. Experimental 
results are given, showing that Nernst’s partition law can be 
applied to the partition of alloying elements between ferrite 
and carbides in annealed steel. Partition coefficients are 
given for Cr, Mn, V, Mo, W, Ni, Co and Si. Carbide-forming 
elements are shown to concentrate in cementite, particularly 
in low-carbon steel. (16 references).—k. E. J. 

Recrystallization Parameters during Induction Heating. Ts. 
N. Rafalovich. (Fizika Metallov i Metallovedenie, 1956, 2, 
(2), 259-269). [In Russian]. Experimental determination of 
recrystallization parameters (velocities of nuclei formation and 
crystal growth) for cold deformed low-carbon steel during 
rapid and relatively slow induction heating is described. 
Some special features of recrystallizations during rapid 
induction heating are discussed.—v. G. 

The Effect of Overheating Liquid Steel on its Crystallization. 
D. 8. Kamenetskaya, I. B. Piletskaya and E. P. Rakhmanova. 
(Fizika Metallov i Metallovedenie, 1956, 2, (2), 254-258). [In 
Russian]. The influence of the overheating of liquid steel on its 
structure in the absence of active foreign particles and small 
additions of soluble admixtures as well as in the presence of 
soluble and insoluble admixtures was investigated. The 
results obtained confirmed that the same crystallization laws 
are valid for organic substances, low and high melting metals 
and alloys, including steel.—v. a. 

Metallurgical Aspects of Microradiography. J. J. Trillat. 
(Met. Rev., 1956, 1, (1), 3-30). A general review with a table 
of absorption coefficients of compounds of iron and a section 
on ferrous alloys. 

Uses of Carbon Replicas in Electron Microscopy. D. E. 
Bradley. (J. Appl. Phys., 1956, 27, Dec., 1399-1412). A 
review of metallurgical and other uses of vacuum-evaporated 
films is given. 

Comparison of Replica Techniques: Description of a New 
Method Applicable to Fragile Metals in the Cold. W. Pitsch, 
G. Henry, and J. Plateau. (Mét.—Corrosion—Industries, 1957, 
32, Feb., 47-54). Comparisons of carbon and SiO evaporated 
films with movital films shadowed with chromium are shown 
on sorbitic steel, either electropolished or nital-etched. 
Austenitic steel surfaces of fracture are also shown. 

An Extraction Replica Method for Large Precipitates and 
Non-metallic Inclusions in Steels. G. R. Booker and J. 
Norbury. (Brit. J. Appl. Phys., 1957, 8, Mar., 109-113). 
A modification of Fischer’s method is described suitable for 
larger precipitates and inclusions (up to 10 u) enabling them 
to be extracted and identified. Examples of iron nitride and 
carbide and non-metallics are given. The surface is etched 
after polishing to reveal the inclusions and then submitted 
to a graduated etch, the replica made and dried and, if 
desired, the backing removed for electron microscopy. 

An Investigation of Nitride Precipitates in Pure Iron and 
Mild Steel. G. R. Booker, J. Norbury, and A. L. Sutton. 
(J. Iron Steel Inst., 1957, 187, Nov., 205-215). [This issue]. 


Research on Metallic Replicas. IX. Influence on the Opti- 
mum Replica-forming Solution of V and Five Elements of C, 
Cr, W, Co and V in Iron. X. Influence on the Optimum 
Replica Solution of Ti, with Addendum. Y. Tanabe. (Nippon 
Kinzoku Gakkai-Si, 1953, 17, Oct., 471-475; 475-478). [In 
Japanese]. IX. The effects of changing quantities of HCl 
on the properties of 3% Cu(NH,).Cl,.2H,O. Solution for 
producing replicas are investigated for Fe-C-Cr-W-V and 
Fe—C-Cr-W-Co-V_ alloys, and optimum quantities are 
established for use with Fe-V alloys. (10 references). 
X. Optimum conditions are established for work with Fe—Ti 
alloys, and with troostite and high-iron alloys. (11 references). 

Etching Solutions for Steels to be Studied by the Electron 
Microscope. I. Eguchi and C. Asada. (Métaux—Corrosion— 
Indust., 1956, 81, Dec., 483-487). The performance of three 
different etching solutions and three different activating 
agents for the etching of steel surfaces prior to obtaining a 
replica for electron microscopic study is described.—n. G. B. 

Determination of the Grain Size of Austenite by Gas Etching. 
M. Someno et al. (Tetsu to Hagane, 1956, 42, Sept., 840-841). 
{In Japanese]. The method employing hydrogen and HCl 
gas is illustrated by microphotographs showing the superior 
delineation of grain boundaries as compared with oxidation; 
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the variation in grain size of SK steel with several tempera- 
tures in the range 825—1000° C; and results for 18-8 steel and 
19% Cr and 28% Cr steel at 1000° C.—x. E. J. 

Apparatus for the Thermal and Cathodic Dispersion and 
Etching of Metals in a Gaseous Discharge. A. 1. Frimer, P. V. 
Zaitsev, V. V. Il’in, and E. P. Mitekhin. (Zavodskaya Labora- 
toriya, 1956, 22, (2), 238-240). [In Russian]. An apparatus 
for the preparation of high-quality specimens of metals for 
examination by the electron microscope is described.—s. kK. 

Study on the Determination of the Inclusions Content in 
Steel. T. Shimegi et al. (Tetsu to Hagane, 1956, 42, Sept., 
895-897). [In Japanese]. The influences of washing, drying, 
and ae laboratory conditions on the measured amount 
and dimensions of nonmetallic inclusions are discussed. 
Inclusions in various samples are identified as silicate or 
sulphide types.—k. E. J. 

Deoxidation and Oxide Inclusions in Steel. (Fe—O-Si-Mn 
System). T. Tanoue. (Tetsu to Hagane, 1956, 42, Sept., 
725-726). [In Japanese]. The systems containing iron and 
oxygen, with Mn, Si, Al, Cr, and Ti are discussed. The 
variation of the silicon content of molten steels with manga- 
nese content during oxidation at 1600° C is shown graphically. 

Research on the Determination of Non-Metallic Inclusions 
in Steel. I. Oxide Inclusions in Plain Carbon Steel. T. ‘Tamoue 
et al. (Tetsu to Hagane, 1956, 42, Sept., 901-903). [In 
Japanese]. For several samples of steel (analyses given), the 
results obtained for SiO,, Al,O;, FeO, and MnO by the 
method of Klinger and Koch are compared with those by the 
iodine method. The calculated oxygen — are compared 
with those obtained by vacuum fusion.—x. E. 

Study of the Crystalline Properties of Nuclei of Ferrous Oxide 
Formed by the Controlled Oxidation of Single Iron Crystals. 
J. Bardolle. (J. Chim. Phys., 1956, 58, July-Aug., 639-642). 
The morphology of nuclei of oxide in relation to the orientation 
of the crystalline face subjected to controlled oxidation has 
been studied. The results obtained enable an explanation to 
be offered of variations in apparent density which have been 
previously observed.—s. G. B. 

A New Electrolytic Cell for the Isolation of Carbides and 
Non-Metallic Inclusions in Steel. N. Backstrém, 8S. Heiskanen, 
and U. Ilme. (Jernkontorets Ann., 1956, 140, (10), 812-816). 
{In English]. In this cell, which is said to be better than 
the Klinger-Koch cell, the test specimen is uniformly dissolved 
by being placed in the centre of a cylindrical vessel where 
it is surrounded by the cathode which consists of platinum 
wire wound round a glass spiral. The diaphragm is formed 
by cellophane wound around a Plexiglass tube. The anode 
chamber can be connected to a cella filter or a sedimentation 
reservoir. The temperature in the vessel can be regulated by 
passing hot or cold water through the glass spiral, and the 
pH of the electrolyte can be measured and adjusted during 
electrolysis. The arrangement used for feeding the electrolyte 
and the connection of the filter for dealing with the loosened 
slag or carbide particles are the same as in the Klinger-Koch 
cell.—a. G. K. 

Studies on Ball Bearing Steels. VIII. Behaviour of Carbides 
in Ball Bearing Steels by Electrolytic Isolation. I. H. Naka- 
shima et al. (Tetsu to Hagane, 1956, 42, Sept., 761-763). 
{In Japanese]. SKF tube steel and a locally-made steel 
(analyses given) were investigated. Results are given for the 
effects of quenching temperature (780—900° C) on the retained 
carbide content, the contents of C, Cr, Mn, and V in the carbide 
and ferrite of the annealed steel, and the contents of Cr, Mn, 
and V in the carbide and Cr, C, and Mn in the matrix.—k. EF. J. 

On the Iron Carbide in Tempered Steels. M. Doi and Z. 
Nishiyama. (Nippon Kinzoku Gakkai-Si, 1953, 17, Oct., 
487-491). [In Japanese]. Volume changes in quenched 
carbon steel on heating, as calculated from X-ray data, are 
compared with dilatometric results. The first stage product 
is e-iron carbide, of composition near Fe,C. In the second 
stage, e- or y-iron carbide, of composition near Fe,C, is formed. 
The large contraction in the third stage is caused by formation 
of cementite. Lattice relationships between the e-iron carbide 
and the martensite matrix are also considered. (23 references). 

Study on Carbides in Iron and Steel by Electrolytic Isolation. 
IV. Behaviour of Cementite during Cold-working and Sub- 
critical Annealing. T. Saio and T. Nishizawa. (Nippon 
Kinzoku Gakkai-Si, 1956, 20, Jan., 51-55). [In Japanese]. 
Electron-microscopical studies were made on 0-65° carbon 
steels. During cold deformation, a cementite crystal curves 
elastically and then splits along its cleavage plane in laminar 
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fragments with a fibrous sub-structure. With spheroidal 
pearlite, the cementite globules suffer no change. Three stages 
of spheroidization of crystalline cementite due to annealing 
after working are described. During prolonged annealing at 
sub-critical temperatures, spheroidization is the result of 
surface tension and lattice imperfection effects. (22 references). 

Study on Carbides in Practical Special Steels by Electrolytic 
Isolation. IV. On Carbides in Low W-Cr Tool Steel. T. 
Nishizawa et al. (Tetsu to Hagane, 1956, 42, Sept., 765-766). 
[In Japanese]. The steel contained 0-90% Cr and 1-43% W. 
The concentrations of Cr and W in the carbide and ferrite are 
given for specimens annealed at 700, 750, and 800°C. For 
quenching temperatures in the range 750—950° C, changes in 
C, W, and Cr content in the matrix are plotted. Variations 
in the amount of carbide and the concentrations of W and 
Cr are shown for specimens quenched at 775° C and heated for 
0-30 h. The variations in concentration of W and Cr in the 
carbide of specimens quenched from 1100°C and tempered 
for 1 h at 400-800° C are shown. The crystal structures of 
carbide isolated from specimens tempered in the range 150- 
700° C are described.—x. E. J. 

Some Experiments on Macroscopic Inspection for Non- 
Metallic Inclusions in 1%,C-1-5%Cr Ball Bearing Steel. K. 
Kawano et al. (Tetsu to Hagane, 1956, 42, Sept., 899-901). 
[In Japanese]. The inclusions are classified by size, type 
(sulphide, silicate, and alumina), and ratio of macro- to micro- 
inclusions.—k. E. J. 

Studies on the Influence of Non-metallic Inclusions of Low 
Carbon Steel on the High-Temperature High-Speed Tension 
Test. M. Kato et al. (Tetsu to Hagane, 1956, 42, Sept., 897— 
899). [In Japanese]. The influences of sulphide, silicate, 
alumina, and oxide type inclusions are considered. Test 
results are given for rimmed and killed steel at room tempera- 
ture, 800°, 1000°, and 1200° C.—k. E. J. 

The Influence of Impurities on the Recrystallization Texture 
of Cold-Rolled 3°% Silicon Iron. J. D. Fast. (Philips Res. 
Rep., 1956, 11, Dec., 490-491). An investigation of grain- 
oriented sheet. It was found that pure vacuum-melted alloy 
would not orient and presence of nitrogen was found to be 
effective. The N, had to be removed later in H,. 

Dendrites and Growth Layers in the Electrocrystallization 
of Metals. G. Wranglén. (Acta Polytechn., 1955, (182), pp. 42). 
Iron-nickel alloys are included. 

The Effect of Hydrogen upon Martensite Formation in Low- 
alloy Steels. R. Kumar and A. G. Quarrell. (J. Iron Steel 
Inst., 1957, 187, Nov.. 195-204). [This issue]. 

Chemical Equilibria in the System Iron-Silicon-Oxygen. W. 
Ptak. (Hutnik, 1956, 28, (6), 233-238). [In Polish]. Calcula- 
tions of the equilibrium constant of the oxidation of silicon in 
the molten iron and concentrations of FeO and Si were carried 
out on the basis of thermochemical data and thermodynamic 
equations quite independent of the experimental investigation 
of the reversible reaction 2FeO + Siz 2 Fe + SiO,. Activity 
coefiicients were taken into account, introducing acceptable 
simplifying assumptions. Good agreement with the experi- 
mental data of F. Koerber and W. Oelsen was obtained.—x. Gc. 

On the Problem of Solubility of Copper in Low Alloyed 
Metal. B. S. Kasatkin and B. A. Movchan. (Avtom. Svarka, 
1951, 4, (5) [20], 30-36). [In Russian]. Results of X-ray 
examination of copper solubility in low alloy steels are dis- 
cussed. Its dependence on the cooling velocity was established 
and so the two-phase structure of the weld in low-alloy steels 
is considered. Some conclusions which can explain properties 
of welded seams of practical importance for their heat treat- 
ment are given.—YV. G. 


CORROSION 


Fundamental Studies on Corrosion of Alloys. N. Ohtani. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, Nov., 674-677; 677- 
680). A formula is advanced for eutectic binary alloys on 
various assumptions and binding energies are then investi- 
gated for binary alloys of solid solution type and hydrogen 
adsorption energies. The possibility of calculating change of 
corrosion rate with composition is discussed. Numerous 
metals, including iron, are considered. 

Study of a Size Effect in Galvanic Corrosion. J.T. Waber. 
(Corrosion, 1957, 18, Feb., 95t-102t). Distribution of potential 
within a corrodent was analyzed using several electrode 
arrangements. It was found that there was a size effect in the 
corrosion depending on whether the electrodes were smaller 
or larger than Wagner’s polarization parameter. The potential 
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of a galvanic couple was found to depend on the relative 
area of the electrodes as well as on open circuit potentials. 

Studies on Local Cell Theory of Corrosion. S. Shimodaira. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, Nov., 666-670; 670- 
673). A thermodynamic study of electrochemical corrosion of 
metals in acid solutions is reported with reference, further, to 
the discontinuity in polarization curves and the phenomena 
of passivation. 

Corrosion by Low-Pressure Geothermal Steam. T. Marshall 
and A. J. Hugill. (Corrosion, 1957, 18, May, 329-337). A 
corrosion test plant is described and austenitic stainless steels, 
especially those containing Mo, were found highly resistant 
to steam contaminated with chlorides, H,S and CO,. Stress- 
corrosion cracking occurred in hardened 13Cr steel, hardened 
low-alloy steels, one grade of austenitic steel and in bronze. 
Corrosion mechanisms are considered. 

Casing Corrosion in the Hugoton Gas Field. W. C. Koger. 
(Corrosion, 1956, 12, Oct., 507-512). Severe damage to the 
oil-producing formation has been caused by sand and water 
from corrosion leaks in well casings. Cathodic protection 
using galvanic anodes is recommended as is the insulation of 
all wells from the gathering system. Interference from rectifier 
installations has been observed.—4J. F. s. 

Study of Corrosion and Wear Resistance of Calorized Steel. 
8S. G. Bogdanov. (Metallovedenie i Obrabodka Metallov, 
1955, (3), 25-31). Experiments in hydrochloric, nitric, picric, 
and sulphuric acids, exposure to salt solution vapours and, at 
high temperatures, to oxidizing and reducing conditions are 
described. Calorizing compositions and conditions are given, 
and effects of heat-treatment, quenching and tempering, and 
working after calorizing are studied. 

Stress-Corrosion Cracking in Austenitic Stainless Steels in 
Low Pressure Steam and Hot Water. S. Brennert and H. 
Nathorst. (Jernkontorets Ann., 1956, 140, (11), 839-853). 
Testing conditions were used producing a greatly accelerated 
effect for which explanations are advanced. In the presence 
of stress, corrosion is produced in presence of oxygen and of 
hot, locally high concentrations of chloride. In the tests a 
sheared edge was used, partly immersed, in which stress was 
high and partial conversion to martensite was probable. 


Nature of Stress Corrosion Cracking of Stainless Steels when 
Other Types of Corrosion are Present. W. G. Renshaw. 
(Corrosion, 1956, 12, Oct., 477-478). Other kinds of local 
attack may be associated with and may influence susceptibility 
to transgranular stress corrosion cracking.—J. F. Ss. 

A Case History of Stress Corrosion Cracking of Austenitic 
Stainless Steel. I. D. G. Berwick. (Corrosion, 1956, 12, Dec., 
634-636). Stainless steel strainer plates used in wood pulp 
digesters failed quickly owing to pitting and stress corrosion 
cracking. Internal stresses due to heat treatment and stresses 
during service may both have contributed to failure. A 
heat-treated molybdenum-bearing stainless steel was not 
susceptible.—s. F. s. 

Fretting Corrosion. R.B. Waterhouse. (Proc. Inst. Mech. 
Eng., 1955, 169, (59), 1157-1172). A review with a discussion 
of possible mechanisms. Prevention is also considered by 
five processes which need application to individual cases as 
some may aggravate the damage in some conditions. 

Corrosion-Fatigue. P. T. Gilbert. (Met. Rev., 1956, 1, (3), 
379-417). A review of published work on various metals and 
alloys including iron and steel. (169 references). 

On the Theory of Local Cells of Corrosion. IM. S. Shimo- 
daira. (Nippon Kinzoku Gakkai-Si, 1955, 19, Dec., 722-726). 
{In Japanese]. Theoretical equations of corrosion rate, 
natural electrode potential, equilibrium potential, and kinetic 
coefficients are deduced thermodynamically, and theoretical ' 
are checked against observed values. (10 references).—xk. E. J. 


Fundamental Studies on Corrosion of Alloys. II. Binary 
Alloys of Solid Solution Type. 2. Corrosion Rate of Ferrous 
Alloys. N. Ohtani. (Nippon Kinzoku Gakkai-Si, 1955, 19, 
Dec., 726-728). [In Japanese]. The relationship between the 
solubility of hydrogen and heat of activation of the hydrogen 
electrode reaction is used to determine the corrosion rate in 
the case where corrosion is caused by the combined effects 
of anodic and cathodic reactions; the usefulness of the method 
for testing iron alloys is examined.—kx. E. J. 

Fundamental Studies on Corrosion of Alloys. V. Corrosion 
Rate of a-Solid Solution in Fe-Si System. N. Ohtani. (Nippon 
Kinzoku Gakkai-Si, 1956, 20, Jan., 46-48). [In Japanese]. 
The variation of corrosion rate of the alloys with silicon 
amount can be explained on the basis of electrode potentials 
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calculated thermodynamically from the activities of each 
component in the molten state within the range of a-solid 
solution, and the heat of activation in the hydrogen electrode 
reaction obtained from the absorption of hydrogen. (11 
references).—k. E. J. 

Molybdenum in Chemically-resistant Steels and Alloys. L. 
Wetternik. (Werkstoffe Korrosion, 1957, 7, Nov., 628-633). 
A general review of the beneficial effects of molybdenum 
additions to high-alloy steels and to iron-nickel alloys; in 
some of the latter, the simultaneous addition of copper 
increases the advantages gained. Data are given on the 
resistance of pure molybdenum to corrosion by various mineral 
and organic acids and ferric and ammonium chlorides.—J. . H. 

Chromium-Aluminium Steels. E. Herzog. (IVe Salon de 
la Chimie.—Journée des Aciers Spéciaux, Versailles, Nov., 
1956, pp. 18). Properties and uses, including corrosion 
properties in sea water and metallographic structures are 
given. 

A Study of Galvanic Corrosion in Marine Pseudo-Sediments. 
W. G. Bradley. (PB.118308, 1954; TIDU List 530, pp. 53). 
A test simulating sea-water/mud interfaces is described. Tests 
with Desulphovibrio were included. 

Corrosion of Type 347 Stainless Steel and 1100 Aluminium 
in Strong Nitric and Mixed Nitric-Sulfuric Acids. ©. P. Dillon. 
(Corrosion, 1956, 12, Dec., 623-626). Rapid corrosion of a 
18-8 Cr-Ni niobium-stabilized stainless steel clad tank was 
encountered in the storage of a mixed acid of the composition 
85% nitric acid-13-5°% sulphuric acid-1-5% water. A 
laboratory investigation of the mechanisms of attack in this 
and similar acids shows severe vapour-phase corrosion of 
austenitic stainless steel above 95% total acidity. Aluminium 
(99°% purity) proved an effective substitute. The aluminium 
alloy is corroded in the liquid phase at total acidities below 
95%.—J. F. 8. 

Electrochemical Behaviour of Stainless Steel in Sulphuric 
Acid Solution. N. Ya. Bune and Ya. M. Kolotyrkin. (Doklady 
Akad. Nauk S.S.S.R., 1956, 111, (5), 1050-1053). [In Russian]. 
Polarization and potentiometric methods were applied to the 
study of the process of corrosion of stainless steel in N H,SO, 
solution, and the superiority of the potentiostatic method 
was fully demonstrated. The corrosion stability of the steel 
studied was in the range + 15 to + 0-65 V. A formula 
giving the value of the velocity of solution as a function of 
potential is provided. It is concluded that the passivation 
of steel is due to the kinetic inhibiting effect of the anodic 
reaction, which, in turn, is due to the chemisorptive action 
between the atoms of the metal surface and oxygen atoms of 
water or anions of the electrolyte.—-s. I. T. 


’ On Subzero-worked 18-8 Stainless Steels. II. Corrosion 
Resistivity against Acid Solutions. R. Odaka. (Nippon 
Kinzoku Gakkai-Si, 1954, 18, July, 396-400). [In Japanese]. 
Neither working nor strain-induced martensite affect the 
tendency of the steels to become passive; hence resistance to 
strong HNO, and dilute H,SO, solutions is scarcely affected 
by working. In the non-passive state (as with corrosion by 
HCl solution) the resistance is reduced by working, especially 
on account of the martensite produced.—kx. E. J. 


Linear-Selective Corrosion of Nitrided Steel by Sulphuric 
Acid Containing Admixtures. S. A. Balezin and V. B. Ratinov. 
(Doklady Akad. Nauk S.S.S.R., 1956, 108, (5), 903-904). 
{In Russian]. This is a study of the influence of admixtures 
of potassium iodide, tetraphenylphosphonium bromide and 
iodide, pyridine, and other organic compounds to the sulphuric 
acid used as a corrosive medium of nitrided steel.—s. I. T. 


Corrosion of Iron in Nitration Acid. IM. Corrosion in 
Sulphuric Acid Solution Containing N,0,. H. Endo and G. 
Yokoyama. (Nippon Kinzoku Gakkai-Si, 1956, 20, Jan., 42- 
46). [In Japanese]. The corrosion of iron used for the con- 
struction of plants manufacturing sulphuric acid by the tower 
system was tested. Results are given for the ranges of con- 
ditions: sulphuric acid concentration 65-85%, N,0, concen- 
tration 0-300 g/l, and temperature 40—120° C.—k. E. J. 

Experiments on 18-Cr Stainless Steels. K. Shinji. (Nippon 
Kinzoku Gakkai-Si, 1953, 17, 446-449). [In Japanese]. The 
steel was investigated for suitability for use in turbine blades 
and chemical instruments requiring corrosion-resistance. 
Non-metallic inclusions can readily be detected by the KCNS 
method, but have no effect on mechanical durability. 
Additions of Cu or Mo increase the tensile strength but 
decrease the elongation and reduction in area. The corrosion 
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resistance to HCl at room temperature is reduced by addition 
of Cu—a result contrary to previously published work.—k. E. J. 

On Corrosion of Welded Metals. I. Microstructure, Electrode 
Potential and Corrosion Loss in Mild Steel Plate. H. Endo and 
N. Ohtani. (Nippon Kinzoku Gakkai-Si, 1953, 17, Oct., 
479-483). [In Japanese]. Specimens from an arc-welded mild 
steel plate were tested for hardness, corrosion loss, and 
electrode potential in 3% H,SO,, in the welded and annealed 
states. Corrosion losses are very noticeable in parts where 
the microstructure has changed appreciably, and are inter- 
preted in terms of local galvanic action, stress, and chemical 
composition. Annealing at 800° C reduces the corrosion loss 
by 50-60%. (13 references).—x. E. J. 

Electrochemical Properties of Alloys. IX. Effect of Carbon 
on the Anodic Behaviour of Iron-Chromium-Nickel Alloys. 
8S. Morioka and K. Sakiyama. (Nippon Kinzoku Gakkai-Si, 
1955, 19, Dec., 732-736). [In Japanese]. The effects cf carbon 
content and heat treatment on the anodic behaviour of various 
stainless steels were studied. The results form the basis of a 
rapid, simple, and sensitive test for determining the suscepti- 
bility of austenitic stainless steels to intergranular corrosion. 


Corrosion of Metals in Alkaline Solutions. III. On Contact 
Corrosion of Dissimilar Metals. 38. Zinc-Mild Steel. H. Endo 
and N. Ohtani. (Nippon Kinzoku Gakkai-Si, 1954, 18, Sept., 
501-504). [In Japanese]. Galvanic corrosion of zine in 
contact with mild steel was studied in alkaline Na,CO, and 
Na,SO, solutions at 30°C. The corrosion tendency is almost 
the same as is found with mild steel in contact with phosphor- 
bronze. The weight loss of zinc becomes a minimum at pH 
6-7, rises to a maximum at pH 9-11, and decreases to zero 
at pH above 12-5.—x. E. J. 

Effect of pH Values of Fresh Water on Corrosion Resistance 
of Zinc and Aluminium Sprayed Underwater Steel Structures. 
J. Colbus. (Schweissen u. Schneiden, 1956, 8, Dec., 476-481). 
An investigation is reported on the corrosion of a metal 
sprayed weir, and a series of laboratory tests on the effect of 
pH value on the behaviour of (1) Zn- and Al- sheet and 
(2) Zn- and Al-sprayed samples. The results are plotted in a 
number of graphs. It is found that the zinc-sprayed coating 
dissolved while the aluminium-sprayed parts of the weir 
showed no corrosive attack. The laboratory tests showed 
that in all cases aluminium behaved satisfactorily while zinc 
lost weight when the pH value of the fresh water exceeded 
7°-5.—U. E. 

Note on the Evaluation of Water Corrosivity. G. Bombara 
and F. Gianni. (Met. Ital., 1956, 48, Nov., 503-512). [In 
Italian]. This study describes laboratory tests carried out 
on a number of waters to determine their corrosivity and 
general suitability for industrial purposes. (11 references). 


Research on the Aggressiveness of Waters and the Composi- 
tion of the Products of Incrustation or Corrosion. ‘T. Samuel. 
(Rev. Tech. Luxembourg, 1956, 48, Oct.-Dec., 205-207). A 
brief discussion of factors influencing the build-up of deposits 
on, and the corrosion of iron pipes in contact with water is 
presented.—s. G. B. 

Corrosion of Metals in High Temperature Water at 500° and 
600° F. S. C. Datsko. (ANZ-5354, 1954; TIDU List 629, 
pp. 203). Small specimens were tested in pipe-lines carrying 
variously treated waters at different rates. Stainless steels 
were included in normal, heat-sensitized, nitrided, and 
Colmonoy-clad conditions. The austenitic specimens were 
satisfactory. Hydrogen addition extended the choice of 
materials. 

Corrosion of Stainless Steels in Supercritical Water. W. K. 
Boyd and H. A. Pray. (TIDU 4920, 1956; List 629, pp. 22). 
Commercial stainless steel strips were autoclaved at 800°, 
1000°, and 1350° F and 5000 psi in degassed water. Stress- 
corrosion tests were also made. Decarburization and carbide 
precipitation occurred at 1350°. 

Performance of Materials Tested in Water at High Tempera- 
ture. C. J. Lancaster. (PB.111962, 1952; TIDU List 668, 
pp. 13). Two consecutive 30-day tests on flat tension speci- 
mens of 12 metals including Cr—Ni steels, plated steels, and 
Armco and Duraloy. The specimens were subjected to static 
bending stress during rotation in oxygenated water at 500° F. 
As the corrosion rate increases in some cases it is recom- 
mended that the test be extended to 90 days. 

Observations on Intercrystalline Stress-Corrosion of Soft 
Plain Carbon Steels. W. Radecker and H. Grafen. (Stahl u. 
Eisen, 1956, 76, Nov. 29, 1616-1628). The authors continued 
previous work on the stress-corrosion of mild steel (R., ibid., 
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1953, 78, 485) on twenty different steels including electro 
steels, open-hearth and basic-Bessemer. They studied: 
(a) effect of cold work; (b) susceptibility of the steel to stress- 
corrosion cracking; (c) the effect of temper time and tempera- 
ture; (d) effect of superheating on stress-corrosion resistance; 
(e) difference between Jones test and tensile test in alkalis; 
(f) the effect of aluminium content of the steels on stress- 
corrosion resistance in alkalis; (g) the relationship between 
ageing and stress corrosion; (h) the crack-propagation rate; 
(t) chemical effects of the alkali; (j) intercrystalline stress- 
corrosion cracking due to thermal shock; and (k) the effect 
of boiling sodium hydroxide solution on steel. The results 
are presented in tables, graphs and micrographs. The authors 
attribute the intercrystalline stress-corrosion cracking to the 
high potential difference existing between grain centre and 
grain boundary in the presence of a stress. The corrosive 
medium dissolves the grain boundaries and so allows the 
further penetration of the aggressive medium into the interior 
of the material. In the discussion, L. Graf elucidates the 
authors’ interpretation by quoting similar observations on 
non-ferrous alloys mainly of the solid-solution type.—t. G. 


Effect of Sulfide Scales on Catalytic Reforming and Cracking 
Units. E. L. Hildebrand. (Corrosion, 1956, 12, Oct., 73-76). 
Carbon steel downstream from the first reactor of a catalytic 
reforming unit showed unusual intergranular sulphide penetra- 
tion. 1% Cr, $% Mo steel handling reactor effluent suffered 
heavy corrosion damage. A theory of attack by hydrogen 
and hydrogen sulphide is postulated. Failure of 18-8 Cr—Ni 
steel in a fluid catalytic cracking unit was due to sulphide 
scale formed in down time. A lined spent-catalyst hopper and 
stripper cracked round most welds. The cracks in this 
niobium-stabilized stainless steel were both intergranular and 
transcrystalline. A procedure for avoiding scale formation in 
down time is outlined.—4. F. s. : 

A Study on Corrosion of Stainless Steel in Liquid Lead- 
Bismuth Eutectic. I. K. Ogawa et al. (Tetsu to Hagane, 
1956, 42, Sept., 842-843). [In Japanese]. Edge corrosion 
attack is investigated in 18-8, 22—15, 25-20, and 13 Cr steels 
and Nimonic 90.—X. E. J. 

The Structure of Oxide Scales on Chromium Steels. H. J. 
Yearian, E. C. Randell, and T. A. Longo. (Corrosion, 1956, 
12, Oct., 515-525). The structure of the scale formed on 
commercial steels containing 5 to 26% Cr when oxidized in 
air or oxygen at 700-1160° C for times up to 100 h were 
determined by X-ray diffraction methods, sometimes supple- 
mented by chemical analysis. Two types of scale were 
observed, the change from the thinner A-type to the B-type 
scale corresponding to a rate of metal loss exceeding 10 
mg/cem?/day. A-type scale is essentially Cr,0, but a-Fe,0, 
is often present. If a fractional percentage of manganese is 
present much MnCr,Q, is included.—4. F. s. ; 

The Formation of Pits and Oxide Nuclei on Dislocations. 
N. Cabrera. (J. Chim. Phys., 1956, 58, July-Aug., 675-680). 
The influence of dislocations on the formation of pits and 
oxide nucleation is discussed theoretically.—s. G. B. 

Role of Minor Elements in the Oxidation of Metals. E. A. 
Gulbransen. (Corrosion, 1956, 12, Dec., 637-643). The role 
of impurities in the oxidation of metals is discussed. Eight 
types of effect on the oxide, oxide—metal interface and metal 
are differentiated and related to available experimental data. 
Electron micrograph studies of the onset of oxidation in pure 
iron (Puron) at 650 to 850° C are reported.—s. F. 8. city 

Contribution to the Investigation of Fe,0, Precipitated within 
Iron Oxidation Films at Elevated Temperatures. J. Paidassi. 
(Rev. Mét., 1955, 52, Nov., 869-886). The precise conditions 
of formation of Fe,O, in iron oxide films has been studied 
by the microscopical examination of iron specimens heated at 
elevated temperatures. The formation of Fe,O, inside films 
of ferrous oxide is due to the decomposition of FeO during 
cooling.—B. G. B. 

Metal-Oxide Solid Solutions. I. Lattice-constant and Phase 
Relationships in Ferrous Oxide (Wustite) and in Solid Solutions 
of Ferrous Oxide and Manganous Oxide. P. K. Foster and 
A. J. E. Welch. (Trans. Faraday Soc., 1956, 52, Dec., 1626— 
1635). I. Activity Relationships in Solid Solutions of Ferrous 
Oxide and Manganous Oxide. (1636-1642). 

Formation of Nuclei in Oxygen Atmospheres at Pressures of 
10° to 10-7 mm Hg at 850°C. W.R. McMillan and E. A. 
Gulbransen. (J. Chim. Phys., 1956, 58, July-Aug., 643-659). 
A special vacuum furnace is described. The brightness of the 
metal specimen is not necessarily a good indication of the 
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absence of an oxide film. A thin oxide film is formed on the 
surface of iron at an oxygen pressure of 10-7 mm Hg and 
at the same time a number of oxide crystals of 0-1 to 2 uw in 
size are also formed. Factors influencing the build-up of oxide 
films are considered in detail.—n. G. B. 

The Determination of Index of Refraction and the Thickness 
of Thin Non Absorbent Films on Metals. F. Arbelés. (J. Chim. 
Phys., 1956, 58, July-Aug., 579-586). The principles involved 
in the measurement of the thickness of thin films on metal 
surfaces by the determination of the optical properties are 
derived mathematically. A photometric method is proposed 
based on measurement of the Brewster angle relative to the 
air-oxide interface from which the thickness of the film can 
be obtained.—s. a. B. 

Influence of the Curie Point on the Oxidation of Magnetite, 
Iron, Nickel, and Certain Iron Alloys. L. Seigneurin and H. 
Forestier. (Compt. Rend., 1956, 248, Dec. 17, 2052-2057). 
An anomalous value for oxidation, as for other chemical 
processes, is observed near the Curie point, no explanation 
is offered. 

Acid-resistant Castings on the Basis of Increased Si-Content. 
H. Ulbricht. (Giessereitechn., 1956, 2, Dec., 272-275). The 
production, peculiarities, and applications of acid-resistant 
silicon castings are reviewed. The addition of metals such 
as nickel, vanadium, titanium, etc. to increase acid resistance, 
and methods of improving the mechanical properties, are 
discussed.—t. J. L. 

The Influence of Treatment with Lithium Oxide Vapour on 
the Rate of Oxidation of Iron. E. Brauns and A. Rahmel. 
(Werkstoffe Korrosion, 1956, 7, Aug.-Sept., 448-452). Experi- 
ments were made to test the hypothesis that the oxidation 
rate of iron might be reduced by treating the surface, either 
before or during oxidation, with lithium oxide vapour as the 
introduction of ions with a different valency would decrease 
the number of defects in the lattice structure. Under certain 
conditions some reduction in oxidation rate was observed at 
850° C, the effective concentration of H,O being 1-5-2-5%, 
but no such effect was evident at 650° C.—zs. c. H. 


Avoidance of Stress Corrosion in Austenitic Steel Equipment. 
C. Edeleanu. (Corrosion Techn., 1957, 4, Feb., 49-52). The 
present state of knowledge of the phenomenon is discussed 
and its appearance in plant using chlorides or caustic solutions, 
water and steam. It appears to be inseparable from the use of 
austenitic stainless steels in such situations. 


Corrosion Preventive Additives. M. Feinleib and H. T. 
Francis. (PB.121072, 1952; TIDU List 629, pp. 16). A test 
for the corrosive effect of oil on ball bearings is described. 
Petroleum sulphonates were chromatographed and _ the 
fractions tested. Both corrosive and anticorrosive fractions 
were encountered. 

The Influence of Certain Organic Compounds on the Rate of 
Solution of Carbon Steel in Inorganic Acids. S. A. Balezin and 
M. A. Ignat’eva. (Doklady Akad. Nauk S.S.S.R., 1956, 109, 
(4), 771-773). [In Russian]. This is a study of the action of 
certain organic inhibitors of corrosion of carbon steel in 
sulphuric and hydrochloric acids. Tetraphenylphosphonium 
bromide and iodide proved to be the most satisfactory 
inhibitors. Other compounds are discussed.—s. I. T. 

Protective Sodium Benzoate Impregnated Jute Wrappings 
for Steel Parts. T. H. Soutar. (Corrosion Prevention and 
Control, 1957, 4, Feb., 47-49). Studies on wrapped steel rods 
are reported. Theories of the protective effect are briefly 
outlined. 

Anti-Corrosion and Anti-Fouling Paints for Ships’ Hulls. 
Corrosion Techn., 1957, 4, Feb., 60-61). The Novoplast 
system of Koninklijke Lak-, Vernis-en Verffabriek Molyn 
and Co. N.V. is reported in general terms. 

The Evaluation of Cooling Tower Corrosion Inhibitors. W. 
L. Denman and C. B. Friedman. (Corrosion, 1957, 13, Mar., 
179-185). A small commercial water cooling tower, equipped 
with control instruments was used in the laboratory for 
studying corrosion problems. Test coupons, nipples and coils 
were used simultaneously to determine corrosion rates with 
good correlation. Chromate, polyphosphate and_ similar 
inorganic inhibitors gave results in the tower similar to those 
obtained in service. It is concluded that the tower can be 
used to evaluate new inhibitors. Polyphosphate inhibitor 
required to be supplied at three to four times the calculated 
dosage to maintain adequate concentration in the tower. 
Data for several inhibitors and blank runs are reported. 

Effect of Variables in Laboratory Testing of Corrosion 
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Inhibitors for Refined Petroleum Products. D. B. Boies and 
J. ae Bregman. (Corrosion, 1957, 18, Apr., 277-282). It is 
shown that in testing inhibitors for refined petroleum products 
environmental conditions have a large effect on results 
obtained and the specific conditions should be simulated in the 
corrosion test. Variables studied include temperature, 
degree of agitation, concentration of dissolved solids in water 
phase, pH, oxygen content, nature of hydrocarbon phase. 
Results for petrol, aviation spirit, fuel oil and jet fuel are used 
to demonstrate that inhibitors effective under some conditions 
may be ineffective in others with the same product.—J. F. s. 


Cathodic Protection of the Coated Steel Gas Main Distribution 
System in New Orleans. S. E. Trouard. (Corrosion, 1957, 18, 
Mar., 151-161). A detailed survey is given of the use of 
cathodic protection on the gas distribution system of New 
Orleans. After describing the topography and soils encountered 
the discussion includes experience with galvanic anodes, 
principally of zine, rectifiers and ground beds, the role of 
coatings and the costs of cathodic protection. The principles 
of successful protection of this system have been worked out 
and are presented.—4J. F. Ss. 

Some Observations on Cathodic Protection Criteria. L. P. 
Surabin and F. W. Ringer. (Corrosion, 1957, 18, May, 351-357). 
A comparison of criteria has been made on a 240 ft length of 
6 in. steel pipe buried in 16100-55900 ohm/em soil. Anodic 
areas were established by coupling Zn plates through measur- 
ing circuits. Other tests were carried out and conclusions are 
indicated. Complete rather than adequate protection was 
aimed at. 

Use of High Silicon Cast Iron for Anodes. N.A.C.E. Tech- 
nical Unit Committee T—-2B on Anodes for Impressed Currents. 
(Corrosion, 1957, 18, Feb., 103t-107t). As a result of a 
questionnaire it is concluded that these anodes function 
satisfactorily both with and without coke breeze ground 
beds. Difficulties in high chloride environments were found 
including great reduction of service life. Up to 200° F effects 
in fresh water are negligible and change of pH from 3-10 had 
no marked effect. In high-chlorine fresh waters, heavy wastage 
occurred at 150-160° F, and in sea or brackish waters over 
150°. 

An Impressed Current Cathodic Protection System — to 
a Submarine. E. E. Nelson. (Corrosion, 1957, 18, 

122t—124t). Pt-clad Cu anodes on neoprene shields were Med 
and fed by a rectifier monitored by Ag/AgCl electrodes at 
selected locations. Inspection after 10 months shows the hull 
to be in excellent condition. It is recommended that the Cu 
cores should be replaced by Ag. 

Cathodic Protection of an Active Ship Using a Trailing 
Platinum-clad Anode. H. 8S. Preiser and F. E. Cook. (Cor- 
rosion, 1957, 18, Feb., 125t—131t). 

A Study of Current Distribution in Cathodic Protection. E. 
E. Nelson. (Corrosion, 18, May, 315-3 20). Formulae pre- 
viously advanced are rev iewed and one is modified to deal 
semi-quantitatively with the relative importance of resistance 
and polarization. A method for obtaining the current density 
on various parts of a large electrode is described and this 
shows the distribution in sea water as affected by the applied 
current and by anode shields. Effects of paint films are con- 
sidered and the advantages of good paint coatings are dis- 
cussed. 

Inhibiting Effect of Hydrofluoric Acid in Fuming Nitric 
~~ on Austenitic Chromium-Nickel Steels. ©. E. Levoe, 

M. Mason and J. B. Rittenhouse. (Corrosion, 1957, 18, 
May, 321-328). Welded and unwelded Ni-—Cr steels Uniloy 
19-9 DL and 19-9 DX and welded alloy 321 have been sub- 
mitted to corrosion testing with and without addition of 
HF. The system is of interest as a rocket propellant. Effects 
of heat treatment were also studied. The attack was acceler- 
ated by HF where the metal had already undergone inter- 
granular corrosion but 0-6% by weight completely protects 
the uncorroded metal at 130° or 160° F. 
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Microchemical Analysis. G. W. C. Milner and J. W. Edwards. 
(Met. Rev., 1957, (2), (6), 109-155). Analysis of Iron and Steel. 
(128-143). After a review of principles, methods for C, 8, P, 
Mo, Ni, Cr, Mn, Si, Co, W, V, Ti, Cu, Pb, Sn, Al, Zr and gases 
are briefly indicated. 

Commission for Laboratories. Meeting of 23rd Feb. 1956. 
(Centre Doc. Sidér. Circ. Inform. Tech., 1957, 14, (4), 819-820). 
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Short contributions by a number of authors reporting diffi- 
culties in analytical measurements on steels are given.—B. G. B, 


Measurements of Temperature of Iron and Steel Samples in 
the Graphite Crucible for Gas Analysis. N. Yoneda. (Tetsu 
to Hagane, 1956, 42, Sept., 818-820). [In Japanese]. Observed 
and theoretical values of the emissivity of Fe-C in a graphite 
crucible are compared.—k. E. J. 

Hot Extraction Method with Deep-Freeze Adsorption Vessel. 
T. Heczko. (Berg- Hiittenmdnn. Monatsh., 1955, 100, July 
Aug., 245-247). A hot extraction apparatus using a Stréhlein 
gas analyser is modified by using a vessel containing activated 
carbon cooled with liquid oxygen to adsorb the extracted gas. 
Later the adsorbed gas is liberated by placing the cooling 
vessel in hot water. Oxygen determinations on 40 steels by 
the modified apparatus, by the normal Stréhlein arrangement 
and by the residue method are compared. The reliability and 
applicability of the modified method corresponds to that 
obtained by the ordinary Stréhlein arrangement, but neither 
of these hot-extraction methods takes account of the oxygen 
combined with silicon and aluminium, as does the residue 
method. 

Experimental Determination of Oxygen in Cupola-Melted 
Cast Iron. E. A. Loria, H. W. Lownie Jun., and M. W. 
Mallett. (Trans. Amer. Inst. Min. Met. Eng., 1956, 206: 
J. Met., 1956, 8, Dec., 1670-1672). Vacuum fusion determina- 
tions of oxygen have been made on a number of cupola-melted 
cast iron samples, and the results compared with deoxidation 
theory. The average content was 0-002% and was little 
affected by silicon content in the range 1-32-2-35°,, carbon 
content 2-98-3-43° hase eat 3-554 412%, tapping 
temperature 2650—2800° F, or slag FeO 3-15‘ G. F. 


Rapid Determination of Oxygen in Molten Steel by a Nephelo- 
metric Method. A. Kawano et al. (Tetsu to Hagane, 1956, 
42, Sept., 903-904). [In Japanese]. Results are compared 
with those obtained by the oxine method, and relationships 
between carbon and oxygen contents in molten steel are 
illustrated graphically.—kx. E. J 

Contribution on the Determination of Oxygen in Steel. M. 
Olette and M. Hanin. (Berg- Hiittenmdnn. Monatsh., 1955, 
100, July/Aug., 238-244). The vacuum fusion analysis 
apparatus designed and used by IRSID is described. It 
consists of a vacuum melting unit and a micro-gas analyser. 
It embodies no new principles but the special features of its 
design have led to improved oxygen determination as evi- 
denced by the statistical examination of results from different 
laboratories. The scatter in results obtained when one method 
is used on different samples from the same steel arises largely 
from the heterogeneity of the steel and the preparation of 
the sample. 

A Contribution to the Application of Complexometric 
Methods of Analysis in Iron Works Laboratories. H.-L. 
Wengler and W. Ausel. (Arch. Eisenhiittenwesen, 1957, 28, 
Jan., 7-12). The complexometric method developed by 
Schwarzenbach consists of recording the course of a complex- 
forming reaction. The titration apparatus used is described. 
Results are reported of the application of complexones to 
the analysis of limestone, dolomite, sinter, neh basic 
Bessemer phosphate, fluorite, and refractories.—t. J. L. 

Fh ae Methods Using Manganese (III) ‘Phosphate. 

II. K. Tanino. Part HI. 8. Kitahara and K. Tanino. 
ep. Sci. Res, Inst., 1956, 32, March, 20-23, 24-26). [In 
Japanese]. The preparat ion and properties of the reagent and 
its use for the determination of ferrous oxide in acid slag are 
described. 

A Specific Test for Cobalt. F. Feigl and D. Goldstein. 
(Analyst, 1956, 81, Dec., 709-710). Diacetyl monoxime 
p-nitrophenylhydrazone gives a violet complex. KCN avoids 
interference from Cu and Ni. 

Detection of Cobalt (II) by Succinimide and Isopropylamine. 
F. J. Welcher and J. A. Buehler. (Proc. Indiana Acad. Sci., 
1955, 65, 89-93). Although not as sensitive as many previous 
tests it appears to be specific in presence of 58 other anions 
and cations. 

Analytical Study of Nioxime. Polarographic Determination 
of Nickel. P.-E. Wenger, D. Monnier, and W. Bachmann- 
Chapuis. (Anal. Chim. Acta, 1956, 15, Nov., 473-483). [In 
French]. 

Analytical Solvent Extraction of Molybdenum Using Acetyl- 
acetone. J. P. McKaveney and H. Freiser. (Anal. Chem., 
1957, 29, Feb., 290-292). Pentane-2 : 4-dione is shown to 
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be a selective solvent for MoViin ferrous materials, separating 
it from Cu, Cr, and W. 

Mass Analysis of Titanium, Part II. P. Wehber, W. Johann- 
sen, and M. Heydecke. (Metall, 1956, 10, Sept., 828-833). 
The mass analysis of titanium is discussed with the aid of 
apparent redox potentials of the relevant systems. A simple 
amalgam-reducing apparatus is described in which the 
analysis can be completed within 15 min. New possibilities 
of simultaneous determinations of iron and titanium are 
surveyed and the development of chelatometric and chromo- 
metric methods is envisaged. (68 references).—J. G. w. 

Extractive Separation of Niobium Tantalum and Titanium. 
F. V. Zaikovskii. (Zhur. Anal. Khim., 1956, 11, (3), 269-277). 
Butanol extraction is described. Experiments with 11 solvents 
were made and the effects of iron, uranium, molybdenum, 
tungsten, and vanadium examined. 

Separation of Tantalum-Columbium by Solvent Extraction. 
K. B. Higbie and J. R. Werning. (U.S. Bur. Mines Rep. 
Invest., 5239, 1956, July, pp. 49). Separation in presence or 
absence of iron is described. About 200 solvent mixtures 
were tested. 

The Use of Disubstituted Dithiocarbamates in Analytical 
Chemistry. F. Wever, W. Koch, and H. Malissa. (Forsch. 
Wirts. Nordrhein- Westfalen, No. 229, 1955, pp. 30). Eleven 
new sodium or substituted ammonium dithiocarbamates are 
described, their salts with various cations illustrated, colour 
reactions tabulated, and absorption curves shown. Fe, Ni, 
Co, Cr, and other cations are used. 

Stable Solution Form of Diphenylcarbazide. W. D. Nordling. 
(Chem.-Analyst, 1956, 45, Sept., 83). The reagent, which is 
used for determination of iron, chromium, and other elements, 
can be stabilized with thioglycollic acid. 

o-Dithiols in Analysis: II. Reactions of Toluene-3 : 4- 
dithiol in Acetate Buffer and Alkaline Solutions: Toluene- 
3 : 4-dithiol as a Reagent for Copper, Cobalt, Iron (I), 
Antimony (V) and Thallium). R. E. D. Clark. (Analyst, 1957, 
82, Mar., 177-182). Brilliant colours are formed and could 
be distinguished in presence of one another. Other common 
ions and all less common ions tried did not interfere. 


Study on the Rapid Determination of Copper in Iron and 
Steel. III. Studies using Photoelectric Filter Photometer. 
IV. Centrifugal Method and Catalytic Method. O. Kammori 
and K. Mukaewaki. (Nippon Kinzoku Gakkai-Si, 1954, 18, 
July, 420-424; 425-428). [In Japanese]. III. For photometric 
determination, studies were made on methods using diethyl- 
dithiocarbamate, xanthogenate, and the reaction between Fel 
and thiosulphate. The first proved to be most accurate 
(0-001%) and rapid (10 min) and is described in detail. 
(17 references). IV. With methods using thiocyanate, a 
recommended procedure is put forward for the centrifugal 
method, and a corrected formula can be used to eliminate the 
temperature effect in the catalytic method. For routine rapid 
analysis of copper, however, the ammonium fluoride iodi- 
metric method and the method of III (above) are recom- 
mended out of the seven examined.—kxX. E. J. 

Amperometric Determination of Tungsten in Ferrotungsten. 
N. M. Degterev. (Zavodskaya Laboratoriya, 1956, 22, (2), 
167). [In Russian]. 

EDTA Titrations using Copper-PAN Complex as Indicator. 
H. Flaschka and H. Abdine. (Chem.-Analyst, 1956, 45, Sept., 
58-61). V, Ni, Co, and other elements can be determined. 

Influence of Arsenic on the Analysis of Iron and Steel. I. 
The Determination of Sulphur and Phosphorus in Iron and 
Steel. H. Goto and S. Watanabe. (Sci. Rep. Res. Inst. Téhoku 
Univ., 1956, 8, June, 157-165). As does not affect S deter- 
mination but the AsH, formed in the evolution method should 
not be allowed to escape. The molybdate method for P is 
affected but conditions for avoiding this are given. 

Separation of Magnesium, Aluminium, Chromium, Manga- 
nese, Iron, Nickel, and Copper by Ion Exchange Methods. 
D. I. Pyabchikov and V. F. Osinova. (Zhur. Anal. Khim., 
1956, 11, (3), 278-285). Chromatography as thiosulphates, 
phosphates, ammines, etc. is described. 

An Improved Succinate Method for the Determination of 
Aluminium in Ferrous Materials. R. I. Parker. (Metallurgia, 
1957, 55, Feb., 103-106). Ti interferes and the method is 
unsuitable for small amounts of Al in killed mild steel and 
for samples containing fluoride. 

A Rapid Method for the Determination of Arsenic in Metallic 
Acid-Soluble Substances. H. Ploum and E. Schaefer. (Arch. 
Hisenhiittenwesen, 1956, 27, Oct., 637-640). A simple method 
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of destroying the nitrate in the dissolved specimen, and a 
rapid distillation method for arsenic using small quantities of 
reagents are described. Details of the distillation apparatus 
are given.—L. J. L. 

A Rapid Method of Determining the Arsenic Content of Ores 
and Other Non-Metallic Substances and in Nitric Acid-Resistant 
Ferro-Alloys. H. Ploum. (Arch. Eisenhiittenwesen, 1956, 27. 
Dec., 761-766). The treatment of samples containing tervalent 
arsenic with a mixture of nitric and hydrofluoric acids leads to 
arsenic losses. The use of an oxidizing melt treatment in an 
appropriate form is advocated. The arsenic may be separated 
by sorption on ferric hydroxide. Separation is carried out by 
distillation from a solution containing zinc chloride, and the 
arsenic is then determined potentiometrically.—t. J. L. 


The Use of Cacotheline as an Oxidation-Reduction Indicator 
before the Volumetric Oxidation of Iron. D. N. Hume and I. 
M. Kolthoff. (Anal. Chim. Acta, 1957, 16, May, 415-418). 

New Colorimetric Method for the Determination of Phos- 
phorus in Steels and Alloys. F. Burriel Marti, V. Hernando 
Fernandez and J. Rodriguez Sefias. (Anal. Fis. Quim., 1957, 
53B, May, 361-368). 

An Apparatus for the Determination of Gaseous Contents in 
Metals. Z. M. Turovtseva, N. F. Litvinova, G. V. Mikhailova, 
A. 8S. Noskov and R. Sh. Khalitov. (Zhur. Anal. Khim., 
1957, 12, (2), 208-213). Apparatus is described with a sensi- 
tivity of 10-* wt-% for H, and 16-8 wt-% O,. 

Determination of Hydrogen in Ferritic Steels and Its Stan- 
dardization. J. Calmettes. (Centre Doc. Sidér. Circ. Inform. 
Tech., 1957, 14, (4), 821-826). Methods of determining 
hydrogen in steels are described and experiences gained using 
particular techniques are mentioned.—. G. B. 

Extraction of Iron, Cobalt and Nickel Sulphates by Organic 
Liquids. C. S. Schlea and C. J. Geankopus. (Ind. Eng. 
Chem., 1957, 49, June, 1056-1057). Distribution coefficients 
in 6 alcohols, phenol, ethyl acetate and butan—2-one are 
measured and butanol-H,SO,-H,O systems with the sul- 
phates are studied. 

Determination of Manganese. M. Pollet. (Centre Doc. 
Sidér, Circ. Inform. Tech., 1957, 14, (4), 827-835). Various 
methods used for the determination of Mn in ores, spiegel and 
ferromanganese are described and results obtained in different 
laboratories on similar samples are shown in tabular form. 

Polarographic Determination of Tin and Antimony in Iron 
and Steels. L. Brhaéek. (Hutnické Listy, 1957, 12, (2), 
140-141). [In Czech]. 

New Substituted 2 : 2’-Dipyridines and their Chelation as 
Fe(II) and Cu(I) Complex Cations. A. A. Schilt and G. F. 
Smith. (Anal. Chim. Acta, 1957, 16, May, 401-405). 
Spectrophotometric absorptions are recorded. 

Determination of Arsenic in Iron and Steel. S. Wakamatsu. 
(Tetsu to Hagane, 1956, 42, Sept., 904-906). [In Japanese]. 
The influences of reduction temperature, heating time, and 
titanium content on the value obtained for arsenic are dis- 
cussed.— kK. E. J. 

Rapid Determination of Arsenic by the SnCl, Reduction 
Method. T. Morimoto. (Tetsu to Hagane, 1956, 42, Sept., 
790-792). [In Japanese]. Optimum conditions of temperature, 
HCl concentration, etc. are established for the determination, 
and probable errors are given for arsenic contents between 
0-048 and 0-960°%,: the greatest is — 0-015% at the highest 
concentration.—k. E. J. 

Studies on the Determination of Arsenic. IX. Photometric 
Determination of Arsenic in Steel and Iron by means of 
Extraction with an Organic Solvent. Y. Katita. (Nippon 
Kinzoku Gakkai-Si, 1953, 17, 450-452). [In Japanese]. 
Phosphorus interferes with the photometric determination of 
arsenic with molybdenum blue, but can be selectively ex- 
tracted as the molybdate compound in amy] alcohol, butyl 
alcohol, butyl acetate, etc.—kK. E. J. 

Direct Complexometric Determination of Calcium and 
Magnesium in O.H. and Blast-Furnace Slags. I. N. Bazilev- 
skaya. (Zavodskaya Laboratoriya, 1956, 22, (2), 166-167). 
{In Russian]. By using two indicators, complexometric 
determinations are made of (Ca + Mg) and Ca. The applica- 
tion of the method to slags is described.—s. kK. 

Colorimetric Determination of Copper in Metallic Nickel and 
its Compounds by Ultraviolet Region Spectra. K. P. Smolyarov 
and F. B. Agrest. (Zhur. Anal. Khim., 1956, 11, (3), 286-291). 

Studies on the Polarographic Analysis of Metals. VII. Rapid 
Determination of Chromium in Iron and Steel. 8. Yonezaki 
and Y. Miura. (Nippon Kinzoku Gakkai-Si, 1954, 18, July, 
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429-433). [In Japanese]. The recommended method is based 
on oxidizing chromium to chromate with H,O,, reducing 
with hydrogen instead of H,SO, for the polarogram, and 
correcting the wave height to that at 20°C. The procedure 
is described in full, with variations for special steels of low 
tungsten content. (15 references).—k. E. J. 

Recommended Methods for the Analysis of Trade Effluents. 
Methods for the Determination of Organic Carbon, Chloride, 
Acidity, Alkalinity, and Manganese. Joint A.B.C.M.-S.A.C. 
Committee. (Analyst, 1956, 81, Dec., 721-728). Manganese 
is determined colorimetrically as permanganate after periodide 
oxidation. 

Recommended Methods for the Analysis of Trade Effiuents. 
Methods for the Determination of Non-volatile Matter Extract- 
able by Light Petroleum and the Determination of Volatile 
Immiscible Liquids. A.B.C.M.-S.A.C. Joint Committee. 
(Analyst, 1957, 82, Feb., 123-126). 

Recommended Methods for the Analysis of Trade Effiuents: 
Methods for the Determination of Hardness, Calcium and 
Magnesium. Joint A.B.C.M.-S.A.C. Committee. (Analyst, 
1957, 82, Mar., 197-200). 

A Direct Colorimetric Determination of Elementary Sulphur. 
H. A. Ory, V. L. Warren, and H. B. Williams. (Analyst, 
1957, 82, Mar., 189-192). Free sulphur was determined (in 
sediments) with Schoenberg reagent. 

On the Rapid Determination of Iron in Slag. H.-J. Kopineck. 
(Arch. Eisenhiittenwesen, 1956, 27, Dec., 753-760). An X-ray 
fluorescence spectrograph is described that has been developed 
for the rapid determination, together with the usual X-ray 
and radiation measuring equipment, of the iron content of 
basic- Bessemer slags.. The accuracy of the instrument is 
+ 2%; the result is obtained within, at most, 4 minutes after 
sampling has started.—t. J. L. 

The Determination of Iron in Iron Ores, Slags and Refrac- 
tories by Thioacetamide Reduction. P.H. Scholes. (Analyst, 
1956, 81, Dec., 688-693). Thioacetamide is substituted for 
hydrogen sulphide in the standard procedure. 

Rapid Determination of Slag Basicity by Photoelectric 
Colorimetry. K. Nagano et al. (Tetsu to Hagane, 1956, 42, 
Sept., 792-793). [In Japanese]. The method is based on the 
use of NaOH, phenolphthalein and HCl. A calibration curve 
is given for slag basicity against extinction coefficient. Good 
agreement is obtained with routine analytical determinations 
of the CaO/SiO, ratio in the range 1-8-4-9.—x. E. J. 

Ore Mineral Identification Simplified. S. H. U. Bowie and 
K. Taylor. (Nature, 179, Mar. 23, 628-629). A micro-indenta- 
tion hardness tester used with a photometer has been used 
on polished sections for mineral identification. Reflectivity 
and hardness values for 25 minerals are given. The process 
takes only 1 min. 

Application of Photometry to Water Analysis. J. W. Polsky. 
(Amer. Ceram. Soc. Bull., 1956, 35, Nov., 433-435). The 
photometer is described, for use particularly in the ceramics 
industry. The example given is SO,-ion determination. 

Universal Spectrographic Method for the Analysis of Iron 
and Steel. S. Weisberger and F. Pristera. (PB.115 5587, 1954; 
TIDU List, 563, pp. 71). Si 0-04-1%, Mn 0-1-1-7%, Ni 
0-004-0-5°,, Cr 0-007—2-3%, Co 0-03-0-85°%, Mo 0-06— 
0-5%, Ti 0-02-1-:0%, Nb 0-13-1:0%, V 0-02-0-9%, and 
Al 0:04-1-0% are covered. 

Use of Contact Electric-Spark Method for Taking Samples 
for Spectroscopic Analysis. M. F. Mal’tsev and K. I. Taganov. 
(Zavodskaya Laboratoriya, 1956, 22, (2), 191-194). [In 
Russian]. The advantages of the electric spark method of 
sampling metals with the electrode in contact with the 
surface over that in which metal transfer occurs over a 
spark-gap are briefly discussed, and apparatus and results 
for the former are described. Details are given of an easily 
portable installation, for which two types of sampling head 
are available for taking samples while moving over the 
surface or while fixed. The latter is suitable for determining 
the thickness and composition of metallic coatings. Spectro- 
scopic results for various steels and for grey iron are discussed. 


Report on Standard Samples and Related Materials for 
Spectrochemical Analysis 1955. R. E. Michaelis. (Amer. 
Soc. Test. Mat. Special Publ., No. 58-C, 1956, pp. 87). Iron 
and iron alloys, steel-making alloys, ores, refractories, metal 
powders, and other materials issued or in preparation are 
summarized, with sources and analyses. 

Industrial Spectro-analysis by Means of Direct-Reading 
Instruments. H. Biickert. (Metall, 1956, 10, Sept., 813-818). 
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Modern requirements of spectrometers are discussed and two 
models manufactured by the Italian firm Optica are described, 
notably model B3C, which is of the plane grid type.—1s. G. w. 

Some Notes on the Emission Spectrum Analysis of Steel 
with the Photo-Electrometer. H. Pfundt and H. Krempl. 
(Arch. Eisenhiittenwesen, 1956, 27, Oct., 629-635). A come 
parison is made between the properties of the multipliers 
used in photoelectric analysis and those of photographic 
plates. A simple photo-electric apparatus is described. The 
emission spectra of alloy steels have been studied. It is shown 
that the spark emission effect is due to an irreversible change 
in the surface of the electrode.—t. J. L. 

Accuracy of Quantitative Spectrographic Analysis. II. 
Reliability of Rapid beng 8 Methods in Quantitative 
Spectrographic Analysis of Steel. H. Iijima. (Nippon Kinzoku 
Gakkai-Si, 1956, 20, Jan., 24-27). {In Japanese]. Two rapid 
calibration methods have been FO ands, with the internal 
standard method for manganese and copper (both extreme 
cases as far as reproducibility is concerned) in iron and steel 
over a one-year test period, and found suitable for routine 
analysis.—k. E. J. 

The Spectrophotometric Determination of Phosphorus in 
Cast Iron. L. Braicovich and M.-F. Landi. (Fonderie, 1956, 
Oct., 381-388). The classical volumetric and gravimetric 
methods for determining P in ferrous materials are briefly 
reviewed and the results obtained with two colorimetric 
methods are described. The method which depends on the 
formation of the phospho-vanado-molybdic complex was less 
satisfactory than that based on the formation of the blue 
phospho-molybdie complex. The latter method in which the 
blue complex is obtained by reducing the yellow complex 
with hydrazine sulphate in the presence of sodium sulphate 
is described in detail. Results obtained on enriched solutions 
of pure iron and on standard irons over the range 0-007-0- 1°, 
are given and are shown to be in excellent agreement with the 
theoretical values.—s. Cc. w. 

Spectrum Analysis of Ferromanganese for Carbon, Silicon 
and Phosphorus. A. B. Shaevich and N. M. Skoblina. (Zavod- 
skaya Laboratoriya, 1956, 22, (2), 195-196). [In Russian]. 
Procedures for the determination of C, Si, and P in briquetted 
specimens are described, errors are considered and calibration 
curves are shown.—s. K. 

Use of the Method of Objective Photometric Interpolation in 
High-Concentration Ranges in the Spectrum Analysis of 
Complex Alloys. I. A. Grikit. (Zavodskaya Laboratoriya, 
1956, 22, (2), 196-198). [In Russian]. The extension of the 
Vvedenskii photometric interpolation method to high con- 
centrations of elements in alloys (including high-alloy steels) 
is described. Satisfactory results were obtained.—s. kK. 

Studies on Flame Spectrochemical Analysis. V. Determina- 
tion of Manganese. S. Ikeda. (Sci. Rep. Res. Inst. Téhoku 
Univ., 1956, 8A, Dec., 449-456). Oxy-hydrogen flame spectro- 
graphic determination of Mn is described. The effects of 
interfering ions are given and a process for ferromanganese 
proposed. 

Studies on Flame Spectrochemical Analysis. VII. Deter- 
mination of Chromium. S. Ikeda. (Sci. Rep. Res. Inst. 
Téhoku Univ., 1956, 8A, Dec., 463-470). Intensities of five 
lines are given and the effects of anions and cations are 
recorded. Analyses on ferro-chrome and slags are shown. 


Studies on the Sensitivity of the Spectrographic Detection 
of Trace Elements in Iron Ore. T. Takai. (Nippon Kinzoku 
Gakkai-Si, 1956, 20, Jan., 27-31). [In Japanese]. Investiga- 
tions were made on a rapid spectrographic method for trace 
elements using a d.c. are discharge on powdered samples. 
Values are given for the highest and lowest concentrations in 
the ‘‘ always detectable’? and ‘not always detectable ”’ 
ranges for As, Co, Cr, Cu, Mn, Mo, Ni, Sb, Sn, Ti, Pb, V, and 
Zn. The results, compared with those of chemical analysis, 
suggest that the method can be used for semi-quantitative 
estimations.—k. E. J. 

An Amperometric Titration of Titanium. RK. P. Graham and 
E. Van Dalen. (Canad. J. Chem., 1957, 85, Apr., 418-421). 
Conditions for the use of m-nitrophenylarsonic acid are 
worked out. 

Rapid Determination of Silica in Fluxes. N. A. Langer. 
(Avtom. Svarka, 1951, 4, (3), [18], 56-58). [In Russian]. 
The use of gelatine for speeding up the precipitation of silicic 
acid is proposed. The time required for the determination is 
then one hour.—-v. G. 

Quantitative Spectroscopic Method of Determining Carbon in 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








278 


Steels and Welded Seams. E. 8S. Kudelya. (Avtom. Svarka, 
1951, 4, (3), [18], 52-55). [In Russian]. A method for the 
spectroscopic determination of carbon in a range of con- 
centrations 0-15-2% is described.—v. «a. 

Spectroscopic Method of Determination of Phosphorus in 
Steels and Welded Seams. E. 8S. Kudelya. (Avtom. Svarka, 
1951, 4, (5), [20], 55-59). [In Russian]. A spectroscopic 
method of determining phosphorus in steels and welded 
joints is described. The accuracy of the method, particularly 
for low concentrations (0:015-0-030%) exceeds that of 
chemical methods used for the purpose.—v. G. 

Studies on Spectrophotometry. II. Determination of Cobalt 
in Steel with Nitroso-R-Salt. Y. Oka and S. Ayusawa. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, Nov., 640-644). 

On the [Inhomogeneity] of Samples in Spectrochemical 

ysis. H. Yoshinaga, 8S. Minami and S. Fujita. (Nippon 
Kinzoku Gakkai-Si, 1955, 19, Apr., 271-274). [In Japanese]. 
Results from a Quantometer are used to illustrate the effects of 
inhomogeneity of sample in producing differences between 
chemical and spectrochemical analyses for iron in Al, Ti in 
steel, Mg in spheroidal graphite, and Mn, Si and Ni in steel 
bars.—k. E. J. 

Application of Radioactive Isotopes in Metallurgy. A. 
Staronka. (Hutnik, 1956, 28, (4), 154-162). [In Polish]. The 
criteria of the choice and the method of calculation of the 
required quantities of radioactive isotopes for various metal- 
lurgical processes are described. Examples of their application 
in the processes of flotation, reduction and oxidation, cor- 
rosion and in chemical analysis of metals, are given.—x. G. 


INDUSTRIAL USES AND 
APPLICATIONS 


Pipeline Steels. A. B. Wilder and A. F. Aebersold. (Mech. 
Eng., 1957, 79, May, 448-453). A review of the development 
of the industry, its present trends and future outlook. 

Researches on High-Temperature-Resisting Alloys and their 
Use in Gas Turbines. F. Bragoni. (Calore, 1957, 28, Feb., 
55-57). [In Italian]. The author discusses the choice of 
materials for gas turbines. Specifications of the various high 
temperature resisting steels produced in France, Germany, 
Britain and the U.S.A. are given. Considerable technical 
and statistical data are shown in tables.—um. D. J. B. 

Development of Materials with High Temperature Strength, 
P. Wincierz. (Z. VdI, 1957, 99, Jan Ist, 25-26). Steels and 
other alloys for high temperature service are briefly surveyed; 
included are some cermets.—J. G. w. 

Production of Steels for Ball Bearings. (Aciers Fins Spéc. 
Frang., 1957, Mar., 89-97). A brief review. 


HISTORICAL 


A Great French Metallurgist: St. Eloi. (Aciers Fins Spéc. 
Frang., 1957, Mar., 122-129). A biography of the patron 
saint of metallurgists, A.D. 578-665. 


BOOK NOTICES 


Father of the Staffordshire Iron Industry. M. Schofield. 
(Iron Steel, 1957, 30, June, 235-236). A biography of John 
Wilkinson is given. 

What Does the Archaeologist Expect from Metallurgy? 
(Stahl u. Eisen, 1957, 77, Apr. 4, 429-430). This is a con- 
densed version of a lecture given by H. Petrikovits before the 
History Committee of the Verein Deutscher Eisenhiittenleute, 
in which the lecturer stressed a close collaboration between 
the archaeologist and the metallurgist.—r. a. 


ECONOMICS AND STATISTICS 


A Perspective Estimation of the Country’s Demand for 
Crude Steel and Rolled Products. K. Andrysik. (Hutnik, 1956, 
28, (3), 106-110). [In Polish]. The production of raw steel 
and rolled steel in Poland is compared with that of U.S.S.R., 
U.S.A., Great Britain, and particularly with France. The 
probable production of and demand for steel up to 1970 are 
estimated.—x. a. 


MISCELLANEOUS 


Thermal Expansion of Silicon and Its Iron Alloys. P. V. 
Gel’d, N. N. Sérebrennikov and P. M. Sokharev. (Fizika 
Metallov i Metallovedenie, 1956, 2, (2), 244-243). [In Russian]. 
The results of dilatometric investigation of silicon alloys con- 
taining from 1-99-2% of silicon in the temperature range 
100-1000° C are described.—v. a. 

A Study of the Conditions of Formation of Red Iron Oxide 
Pigment by Thermal Decomposition of Iron-Containing Com- 
pounds and the Evaluation of the Colour of Formed Pigments. 
L. N. Uspenskaya and A. Kh. Girenko. (Zhur. Priklad. 
Khim., 1956, 29, (12), 1876-1880). [In Russian]. It was 
found that red iron oxide pigments formed by thermal 
decomposition of Fe(NO;);, Moor Salt, Fe(OH),, Fe(OH)s, 
FeCl,, FeCl, and (COO),Fe are inferior in colour to that 
obtained from ferrous sulphate.—v. G. 

New Developments of HYPERM materials. F. W. Acker- 
mann, H. Fahlenbrach, H. H. Meyer and G. Sommerkorn. 
(Techn. Mitt. Krupp, 1957, 15, No. 1, 3-7). New develop- 
ments in high permeability materials are described, under the 
headings of pure iron, Fe—-Si, Fe—Al, Fe—Ni and Fe—Co alloys. 

A Study of Protons Emitted from Aluminium, Iron and 
Rhodium on Bombardment with Neutrons of 13-2 MeV. G. 
Brown, G. C. Morrison, H. Muirhead and W. T. Morton. 
(Phil. Mag., 1957, 2, 8th Series, June, 785-796). 

Arsenides of Transition Metals: The Arsenides of Iron and 
Cobalt. R. D. Heyding and L. D. Calvert. (Canad. J. Chem., 
1957, 35, May, 449-457). Debye-Scherrer studies of speiss 
systems are reported and comparison of the Co—As with the 
Fe—As system suggest small revisions of the former. 

The Application of the Halogens to the Extraction and 
Refining of Metals. H. B. Bell. (J. Metallurgical Club Royal 
College of Science and Technology, 1956-57, (9), 23-26). Tron 
removal from Nb, Ta, Mn, V, W and Th is indicated. 


BOOK NOTICES 


Bowman, Epwarp H., and Rosert B. Ferrer. “ Analysis 
for Production Management.” 8vo, pp. xiii + 503. Illus- 
trated. Homewood, Illinois, 1957: Richard D. Irwin, Inc. 
(Price $6.50). 

The authors are Assistant Professors in the School of 
Industrial Management at the Massachusetts Institute of 
Technology. The book consists of a course which they 
are presenting to students of industrial administration. It 
is divided into four sections. 

The first section is headed ‘‘ Orientation,’’ and in it the 
authors indicate the broad problems which have been 
tackled by scientific management. It is their belief that 
“management methods must be brought to a level of 
efficiency and effectiveness commensurate with the tech- 
nical methods of production.” A preliminary discussion on 
analysis and the construction of schematic models is 
included because of their historical interest and because 
the model is ‘‘ often an essential prelude to the framing of a 
problem for quantitative analysis.”’ 

In the second section, on ‘“‘ Mathematical Programming,” 
emphasis is laid on linear programming first by a formal 
statement of the principles and then by a line-by-line 
consideration of the arithmetic of a particular simplex 
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solution. The transport problem is described in a chapter 
entitled ‘‘ Special Programming Methods,” which also 
includes methods of dealing with degeneracy and some 
comments on dynamic programming. This section of the 
book is clear and will be helpful to beginners in this field. 

The third section, ‘‘ Statistical Analysis,’ contains some 
work which is adequately dealt with elsewhere in English 
texts, and for a book intended for non-specialists is at 
times unnecessarily technical in the use of phrases such as 
** the process average fraction defective from a statistically 
controlled universe.”” Separate chapters describe adequately 
Statistical Control and Sampling Inspection, this last being 
among the best in the book; it concludes “ it is essential 
that the manager avail himself of some formal sampling 
technique in order that (1) the right kind and amount of 
information is gathered, and (2) the best use is made of this 
information in arriving at a decision.” 

It is in the last section, ‘‘ Economic Analysis,” that the 
book may have most to contribute for British readers. In a 
chapter on ‘‘ Total Value Analysis’ will be found, for 
instance, a useful discussion on the stock control problem; 
the effect of uncertainty is introduced by the inventory 
problem, and finally there is an appendix on queueing 
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theory. Incremental analysis and Monte Carlo analysis are 
both used in estimating the effect of uncertainty on indus- 
trial conditions, but the chapter on Monte Carlo Techniques 
is less convincing than one would have liked. The last 
chapter discusses Equipment Investment Analysis. 

Finally, some 120 pages are given to ten case studies, 
starting from the management structure of each company 
and finishing in fair detail with the production and market- 
ing methods of the firms selected for study, but with no 
formal statement of the problems involved. 

The level of writing of the book is erratic; some of the 
theory is of necessity so condensed as to be difficult to follow, 
whereas some of the examples are so detailed as to exhaust 
all but the reader with a definite problem in mind. 

By British standards, the amount of statistics required in 
this course of industrial administration is considerable. It is 
the authors’ view that management of the future will be 
more competent if the managers know the background on 
which the advanced techniques of analysis are based. We 
in Britain may not share this view, but it is of value to see 
the theme developed. Rather than as a text book for 
potential managers, the reviewer would regard it as being 
very suitable for the new recruit to the special services of 
operational research, market research and some aspects of 
production engineering. 

The book is well printed and printing errors are relatively 
few. To British readers the book is remarkably free from 
Americanese, but it is not one which can be read without con- 
centration. It is a serious attempt to present a unified ac- 
count of the more sophisticated techniques available for the 
analysis of industrial data.—H. G. Jones. 

CENTRE TECHNIQUE Drs INpuUsTRIES De La FoNDERIE. 
“Atlas Métallographique de Microstructures Types.” Fontes 
et Acier; Alliages d’Aluminium; Alliages Cuivreux. La. 
8vo, loose-leaf; five parts, pp. 12, 12, 12, 20 and 20. 
Illustrated. Paris [1957]: Editions Techniques des In- 
dustries de la Fonderie. 

This Atlas consists of five parts, three of which are 
devoted to cast irons and steels and two to non-ferrous 
alloys. 

The cast iron section first illustrates the classification of 
graphite according to shape and size, as recommended by 
the A.S.T.M., and then proceeds to the etched microstruc- 
tures of grey, white, malleable, special and heat-treated 
cast irons. In the somewhat limited section on steels— 
special steels occupy only two pages—there is less readiness 
to accept American influence, e.g., no mention is made of 
bainite, the subject being treated in line with the metallo- 
graphy of the earlier British and French workers. 

The two parts concerned with non-ferrous alloys deal 
respectively with those of aluminium and copper. The 
part devoted to aluminium alloys deals with grain-size 
standards and the effect on microstructure of additions to 
aluminium of the elements copper, iron, magnesium, nickel 
and silicon, as illustrated by some of the commoner foundry 
products. The “* modification ” of aluminium-silicon alloys 
is dealt with at some length, and the part closes with two 
pages of common defects and a useful table of the etching 
characteristics of over a dozen microconstituents. The 
copper alloys include bronzes, brasses, cupro—aluminium, 
cupro—chrome and cupro-nickel. 


The complete Atlas contains 150 photo-micrographs, care- 


fully selected and clearly reproduced, and a small number of 
macro-photographs; they are accompanied by concise 
descriptions and detailed instructions for the polishing and 
etching of similar specimens. It should prove of consider- 
able use both to students and to foundry workers with a 
limited knowledge of metallography, since it deals in a 
straightforward manner, not only with normal structures, 
but also with defects in the case of aluminium and copper 
alloys. One would like to have seen the same attention to 
defects given to ferrous metals.—C. G. NIcHOLSON. 

THE InstTITUTE OF METALS. ** The Final Forming and Shaping 
of Wrought Non-Ferrous Metals.” (Institute of Metals 
Monograph and Report Series, No. 20). La. 4to, pp. 128. 
Tilustrated. London, 1956: The Institute. (Price 21s. 
( $3.50)). 

This monograph consists of reprints of certain papers from 
the Journal of The Institute of Metals together with the dis- 
cussion which took place on them at a Symposium held in 
London on the occasion of the Annual General Meeting of 
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the Institute on 12th April 1956. The following are the 
papers :— 

The Machining Properties of Non-Ferrous Metals. By 
D. F. Galloway. (Pp. 5-15). 

The Deep Drawing and Spinning of Sheet Metal, with 
Particular Reference to Non-Ferrous Metals. By J. A. 
Grainger. (Pp. 17-30). 

Rubber Pressing. By J. Fielding. (Pp. 31-43). 

Research in Some Metal-Forming and Shaping Opera- 
tions. By W. Johnson. (Pp. 45-59). 

Cold Roll-Forming and Manipulation of Light-Gauge 
Sections. By E. Griffin. (Pp. 61-77). 

Stretch-Forming of Non-Ferrous Metals. By R. D. 
Edwards. (Pp. 79-89). 

Bending and Allied Forming Operations. By T. G. 
Perry. (Pp. 91-96). 

The Hot Forming of Magnesium Alloys. By R. G. 
Wilkinson. (Pp. 97-108). 

The discussion occupies eighteen pages. 


JonEs, E. B. ‘“‘ Instrument Technology.” Volume III. 


‘* Telemetering and Automatic Control.” La. 8vo, pp. 
x + 198. Illustrated. London, 1957: Butterworths Scientific 
Publications. (Price 40s.). 

This book is the third of the series prepared by E. B. 
Jones, and deals with telemetering and automatic control. 
It is written in an elementary manner so as to be of use to 
candidates for the City and Guilds of London Instrument 
Maintenance Examination. The author has made consider- 
able use of illustrations provided by instrument manufac- 
turers, but has supplemented these by his own comments. 

The section on telemetering covers most of the systems 
employed for this purpose today. The treatment of auto- 
matic control is more limited in its scope, but the author 
can be congratulated on avoiding the excessive use of 
mathematics. The principles of operation are well dealt 
with, and sound indication is given of the ways in which 
these principles are incorporated in the various makes of 
controllers. One would have liked, however, to have had 
more information on the reasons for the choice of particular 
types of controllers for various duties. 

A few criticisms can be made of the text: The definitions 
of terms relating to automatic control quoted in the manual 
are those of a revision of B.S. 1523 : 1949 which has not 
yet been published, and is contrary to the procedure 
generally favoured by the British Standards Institution, 
besides creating difficulties for those people who have access 
only to the present standard. 

One type of controller appears in the book under its 
present maker’s name. The basic principles of this controller 
have been well known for so many years under its original 
name that reference could have been made to it.—KR. A. 
KIPLING. 


Scnuack, ALFRED. ‘“ Der industrielle Warmeiibergang fir 


Praxis und Studium mit grundlegenden Zahlenbeispielen.” 
5., neu bearbeitete und erweitete Auflage. 8vo, pp. xi 
434. Illustrated. Diisseldorf, 1957: Verlag Stahleisen 
m.b.H. (Price DM. 43-75). 

Your reviewer cannot do better than commence with 
the paragraph with which he concluded his review of the 
previous edition of this book, viz.: 

‘Tt is impossible to speak too highly of this com- 
prehensive work. The style of writing adopted by the 
author is one that anyone with a general knowledge of 
the subject of heat transmission would be able to follow 
even if his knowledge of the German language were 
somewhat limited. The book is well printed and bound, 
and it will not be surprising if this fourth edition will 
shortly be followed by a fifth edition.” 

This fifth edition is somewhat larger than the fourth. 
There are ten completely new tables and some of the older 
tables have with advantage been divided, making in all 
54 tables as compared with 34 tables in the old edition. All 
the original 64 diagrams have been retained and 8 further 
diagrams have been added. The number of references has 
been increased from 118 to 147. 

The author deals with heat transference under three 
headings, viz., conduction, convection and radiation. 

After a short introductory section, section B deals com- 
prehensively with heat transference by conduction, by 
convection, by the condensation of vapours and by radia- 
tion. Section C is on calculations concerning heat exchange 
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systems with recuperation and without recuperation. Then 
follow three short sections D, E and F dealing briefly with 
heat transference during technical heating, with pressure 
drop in tubes and the like and with the relationship between 
pressure drop and heat transmission, respectively. Section 
G considers a number of practical heat transmission prob- 
lems and is divided into four sub-sections: The first considers 
heat transference under static conditions, ¢.e., after equili- 





NEW PUBLICATIONS 


brium has been reached, whilst the second is concerned 
with heat conduction under sudden changes of temperature 
The third sub-section deals with heat exchange problems 
and the fourth with calculations concerning radiation from a 
solid body. Section J consists of a collection of tables ot 
numerical data, 8 of which did not appear ‘in previous 
editions. The book concludes with the references, a nam« 
index and a subject matter index.—J. FERDINAND KAYSER 


NEW PUBLICATIONS 


ADMIRALTY ADVISORY COMMITTEE ON STRUCTURAL STEEL 
‘* Brittle Fracture Research in the United Kingdom.” 
Report No. P.1. 4to, pp. 22. Illustrated. London, 1957: 
H.M. Stationery Office. (Price 5s, 6d.). 

AMERICAN FoUNDRYMEN’S Society. ‘‘ Cast Metals Hand- 
book.’ Fourth Edition. 4to, pp. v + 316. Illustrated. 
Des Plaines, Illinois, 1957: The Society. (Price (to 
members) 51s.). 

BIpwELL, J. B., G. H. Rosrnson, W. 8. Coteman, R. L. 
Mattson, J. G. Rosperts, M. Stmpson and R. F. THom- 
son. ‘“‘ Fatigue Durability of Carburized Steel.” 8vo, 
pp. iv + 123. Illustrated. Cleveland, Ohio, 1957: 
American Society for Metals. (Price 34s. 6d.). 

British STANDARDS InstiITuTION. B.S8.1016: Part 2: 1957. 
“* Methods for the Analysis and Testing of Coal and Coke.” 
Part 2. ‘‘ Total Moisture of Coke.’ 8vo, pp. 8. London: 
The Institution. (Price 2s. 6d.). 

British StanpDaRDs Institution. B.S.1016: Part 3: 1957. 
‘“* Methods for the Analysis and Testing of Coal and Coke.” 
Part 3. ‘‘ Proximate Analysis of Coal.” 8vo, pp. 25. 
London: The Institution. (Price 5s.). 

British STANDARDS InstiTuTION. B.S.1016: Part 4: 1957. 
** Methods for the Analysis and Testing of Coal and Coke.” 
Part 4. “ Proximate Analysis of Coke.” 8vo, pp. 14. 
London: The Institution. (Price 3s. 6d.). 

British STANDARDS InsTITUTION. B.8.2858: 1957. ‘“‘ Steel 
Plates for Use in the Manufacture of Galvanizing Pots.” 
8vo, pp. 5. London, The Institution. (Price 2s. 6d.). 

GaBELKA, JosEr. ‘‘ Schweissbarkeitspriifung.” 8vo, pp. vi + 
72. Illustrated. [Mimeographed]. Bratislava, Czecho- 
slovakia, 1956: V¥skumny Ostav Sv4raésky. [A German 

_ version of the following pamphlet]. 

CABELKA, JOSEF. “ L’Essai de Soudabilité Metallurgique.” 
folio, pp. 53 + supplement of illustrations. [Mimeo- 
graphed.] Bratislava, Czechoslovakia, 1957: Vyskumny 
Ustav Svaéraésky. [A French version of the foregoing 
pamphlet. ] 

Casprat DE Moncapa, Prepro. “ Uber den Aufbau einer 
Eisenindustrie in Portugal.” Dissertation, Fakultat fiir 
Bergbau und Hiittenwesen der Bergakademie Clausthal. 
4to, pp. 35. Illustrated. Clausthal, 1956: The University. 

CHARLES, V. “ Propriétés Défauts et Maladies des Métaux.” 


La. 8vo, pp. vii -++ 226. Illustrated. Paris, 1957: 
Gauthier-Villars. [Price 34s.]}. 

Cuaussin, C. and G. Hitty. “ Métallurgie.”” Tome 1. 
‘“* Alliages Meétalliques.” Troisisme Edition. 8vo, pp. 


xiv + 248. Illustrated. Paris, 1957: Dunod. (Price 25s.). 
Dupont, G. “ Metallurgie 4 l’ Usage des Ingénieurs.”” 8vo, pp 
xi-+ 161. Illustrated. Paris, 1957: Dunod. (Price 17s. 6d.). 
YREAVES, RicHARD HENRY, and HAROLD WRIGHTON. 
** Practical Microscopical Metallography. Fourth Edition, 


revised and enlarged. La. 8vo. pp. xiv + 220. LIllus- 
trated. London, 1957: Chapman and Hall. (Price 70s.). 

GRONEGRESS, H. W. ‘ Brennharten und Grtliche Warmebe- 
handlung.”’ Tabellenbuch fiir die Benutzer des Pedding- 
haus-Verfahrens. (3 Auflage). pp. 196. 1957, Essen: 
Vulkan-Verlag. (Price DM 9-60). 

Horstmann, Dietricu. “ Der Angriff eisengesdttigter Zink- 
schmelzen auf kohlenstoff-, schwefel- und phosporhaltiges 
Eisen.” Forschungsberichte. des Wirtschafts- und 
Verkehrsministeriums Nordrhein-Westfalen. No. 367. 
4to. pp. 42. Illustrated. K6ln and Opladen, 1957: 
Westdeutscher Verlag. (Price DM. 12:85). 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY. “ Inaugural 
Lectures 1955-1956.” La. 8vo, pp. iv + 254. London, 
1957: Imperial College of Science and Technology. 

INSTITUTION OF CiviL ENGINEERS. ‘‘ The Conservation of 
Natural Resources.”’ 8vo, pp. 149. Illustrated. London, 
1957: The Institution. (Price 17s. 6d.). 

Jorwst Coke ConsvuLTATIVE COMMITTEE. ‘“‘ Recommended 
Methods for the Determination of the Properties of Blast- 
Furnace Coke at Coke-Oven and Blast-Furnace Plants.” 
La. 4to, loose-leaf. Illustrated. London, 1953/57: 
British Coking Industry Association, Council of Jron 
Producers, British Iron and Steel Federation. 

Lirncotn Exectric Company. ‘‘ The Procedure Handbook 
of Arc Welding Design and Practice.” Eleventh edition. 
8vo, pp. 1300. Illustrated. Cleveland, Ohio, 1957: 
The Company. (Price $3-50). 

McLean, D. “ Grain Boundaries in Metals.” 8vo, pp. 356. 
Illustrated. London, 1957: Oxford University Press. 
(Price 50s.). 

“* Metallurgical Progress—3.”" A third series of critical re- 
views, reprinted from “Iron and Steel.’ 4to, pp. 88. 
Illustrated. London, 1957: Lliffe & Sons, Ltd. (Price 6s.). 

OESTERREICHISCH-ALPINE MONTANGESELLSCHAFT. “ Stahl- 
frischen mit reinem Sauerstoff.”” 4to, pp. 35. Illustrated. 
Wien, 1956: The Company. 

RaBonE, Purp. “ Flotation Plant Practice.”’ Fourth Edition, 
revised and enlarged. 8vo, pp. 255. Illustrated. London, 
[1957]: Mining Publications, Ltd. (Price, 40s.). 

Souxur, FrantiS8ex. ‘‘ Némecko-Ceskyjy a Cesko-Némecky 
Slovnik z. Mechanicke Technologie.” [German-Czech and 
Czech-German Dictionary of Mechanical Technology]. 


8vo, pp. 761. Prague, 1956: Statni Nakladatelstir 
technicke Literatury. (Price 52s.). 
Union Sipfrurcique Lorraine. “ Steel Sheet Piling.” 


Second edition. 8vo, pp. 317. Illustrated. Paris, 1957: 
Davum-Exportation. 

VEREINIGTE OESTERREICHISCHE EISEN- 
A.G. ‘“ Véest Illustrated.’ 4to, pp. 
[Linz, 1957]: The Company. 


UND STAHLWERKE 
120. Illustrated. 
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The following translations are now available in addition to 

those listed on p. 243: 

559. Kostitin and Kotysatov: ‘ Design of the Mould for 
Continuous Casting of Steel.’’ Stal, 1957, No. 3, pp. 
209-213. (£2 10s. Od.) 

561. VotusuEv: ‘‘ Leading Wire Rolling Mill Practice.” 

Stal, 1955, No. 10, pp. 922-930. (£5 0s. Od.) 

ENGELL: ‘‘ Electrochemical Investigation of Corrosion of 
Alpha-iron Single Crystals in Dilute Acid.’ Arch. 
Eisenhiittenwesen, 1955, July, pp. 393-404. (£6 10s. Od.) 

ScHWIETE and STOLLENWERK: ‘‘ The Quartz-Crystobalite 
Transformation.” Arch. Eisenhiittenwesen, 1955, Oct., 
pp. 583-587. (£2 5s. Od.) 

598. NrkoLatcuik and Nrixoxuaicuik: “ Improvement of the 

Quality of Ingots with Ultrasound.” Stal, 1957, No. 4, 
pp. 322-325. (15s. 0d.) 


594. 


595. 
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KiarpInG: ‘‘ Noise Measurements for Control and 
Conduct of the Blow in the Bessemer Process—Parts 
I and IL”? (Summary). Metall, 1955, Sept., pp. 780- 
783; 1956, May, pp. 405-415. (£1 10s. 0d.) 


623. GuigeT and Fpépa: “ Preliminary Study of Mechanical 
Excavator Cabs.”’ Bull. Centre d’Etudes et Recherches 
Psychotechniques, 1956, Oct./Dec., pp. 407-422. 
(£6 5s. Od.) 
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